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Abstract 
This thesis analyses an extensive bone deposit from Allen's Cave, 
which is situated on the southern Nullarbor, South Australia. Excavation 
of the site in 1989 yielded evidence for 38,000 years of human occupation, 
the first 25,000 years of which took place under extremely arid conditions. 
A taphonomic analysis of the bone debris was undertaken in order to 
identify patterns of Aboriginal arid zone subsistence and occupation. The 
bone debris consists of skeletal material from a range of small to large prey. 
The smaller species are both better represented and preserved than larger 
species. Primary deposition by owls and carnivores and significant 
modification of human-deposited bone is clearly demonstrated. 
Previous vertebrate analyses which have aimed at identifying human-
deposited bone from such mixed and. fragmented deposits were found to 
display on-going methodological problems. These problems were largely 
based on misunderstandings about the behavior of predators associated with 
the cave sites. Therefore a comprehensive review of the taphonomic 
effects of a range of carnivores in human occupation sites has been 
undertaken. 
Revision of earlier methodologies also revealed that expectations 
concering the capacity of the highly fragmented and diminished amount of 
human discard to provide evidence of subsistence and occupation were 
overstated. Thus a taphonomic methodology focussing on the far greater 
quantity of non-cultural bone debris has been formulated for Allen's Cave. 
It is anticipated that this will also be applicable to similar deposits in sites 
elsewhere. 
v 
Allen's Cave provides evidence of earlier, successful occupancy of 
marginal areas in the Australian arid zone than previously predicted. The 
evidence from the bone deposit from Allen's Cave has important 
implications for understanding Pleistocene patterns of occupation in arid 
zones. It is suggested that 'marginal' areas in fact act as support 
mechanisms to sustain the occupation of better resourc~d zones. 
Lastly taphonomic analyses are shown to have an important role in 
shaping archaeological theory and our understanding of Pleistocene and 
Holocene Aboriginal occupation of arid zones in Australia. However, 
taphonomic analyses must acknowledge the unique character of the 
Australian landscape and its fauna and seek to address issues which are 
relevant to prehistoric Australian Aboriginal occupation and subsistence. 
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CHAPTER I 
Introduction 
This thesis aims to address the recurrent problems m analysing 
highly fragmented bone from archaeological deposits in Australian 
cave sites. Although the results of taphonomic research are of 
immense value to archaeology, the approach has often been 
impeded by methodological problems m identifying and 
interpreting human-modified bone material. 
The taphonomic analysis undertaken in this thesis attempts to 
identify and overcome these problems, and in doing so, provide a 
new interpretation of Allen's Cave which has major implications for 
existing models of arid zone subsistence and occupation. 
1.1. Allen's Cave 
Allen's Cave, on the Nullarbor Plain in South Australia, was 
excavated in 1989 under the direction of Dr. Scott Cane. The 
excavation was part of a wider southern Nullarbor survey 
commissioned by the South Australian Government with a view to 
nominating the region for world heritage listing. 
Allen's Cave had been previously excavated in the late 1960's 
by Ljubomir H. Marun as part of his doctoral research on the 
Southern Nullarbor Plain. Radio-carbon dates obtained by ~farun 
( 197 4) indicated that occupation of the site started at about 20,000 
BP, with abandonment during the glacial maximum, from 
approximately 18-15,000 BP: however the possibility of older and 
continuous occupation needed to be explored. Furthermore, the 
bone debris from Marun's excavation had only received superficial 
analysis; a detailed analysis of this bone has yet to be done. 
The material from the second excavation in 1989 included 
approximately 1300 stone artefacts and 15 kg of bone debris. The 
bone material was typical of many cave deposits from southern 
Australia: it contained bones from a wide range of mammalian 
species, with small mammals far outnumbering large mammals; 
small mammals were represented by a range of identifiable skeletal 
1 
elements; large mammals were represented by highly fragmented 
skeletal elements; teeth of several carnivores were identified in the 
deposit; the bone itself was well preserved. The vertebrate 
mammalian component from Allen's Cave has formed the basis of 
the research described in this thesis. 
1. 2. Aims of thesis 
The central aims of the thesis are: 
1. A detailed critique of earlier taphonomic methodologies 
used to analyse similar vertebrate cave deposits; 
2. A synthesis of ecological information, in order to establish 
patterns of bone deposition and modification by all 
carnivores, including humans, identified in the excavation 
material or the surrounding landscape in order to redirect 
taphonomic analysis into a framework appropriate to an 
Australian context; 
3. A discussion of the implications of the taphonomic analysis 
on the deposit from Allen's Cave for existing 
archaeological arid zone theories and their predictions of a 
particular pattern of subsistence and occupation for the 
site. 
1.3. Structure of this thesis 
Chapter 2 contains a description of the site, its landscape and 
the 1989 excavation. 
Chapter 3 discusses the historical development of taphonomy 
from an Australian perspective; this provides an 
context for the ensuing discussion of methodologies 
analysis in Australia contained in Chapter 4. 
Chapter 4 contains a review of earlier taphonomic 
analysing large collections of highly-fragmented 
appropriate 
of vertebrate 
methods for 
bone from 
archaeological cave sites in southern Australia, and an assessment 
2 
of the results of the earlier methods and evaluation of their 
potential for analysing the material from Allen's Cave. 
A review of existing data and information on taphonomic 
agents of bone deposition and modification based on a range of 
sources archaeological, palaeontological, zoological and 
ethnographic esrablished criteria for identifying particular 
taphonomic agents. This is presented in two parts: 
Chapter 5 addresses ecological and taphonomic evidence for 
bone deposition by Barn and Nlasked Owls, Tasmanian Devils, 
Thylacines, Quolls and Dingoes; 
Chapter 6 concentrates on humans as agents of deposition and 
modification. 
Chapter 7 contains the results of the taphonomic analysis of 
fauna! bone from Allen's Cave, and establishes occupation and 
subsistence patterns for the site based on the analysis. Bone 
deposits from archaeological cave sites have generally been 
analysed with only two questions in mind - what is the "cultural 
component", and what can it tell us about past human behavior'! 
But these questions, when applied to highly-fragmented collections 
derived from a number of taphonomic sources, are often of limited 
value to archaeology. Such an approach immediately disqualifies 
non-cultural material as a potential source of information about 
past human behavior. 
The Allen's Cave bone deposit is certainly highly-fragmented, 
and obviously derived from a number of taphonomic sources. Thus 
it provided an excellent opportunity to discover the potential of 
non-cultural bone material for addressing questions of past human 
behavior. 
Chapter 8 discusses the implications of this taphonomic 
analysis for the predictions on occupation and subsistence made by 
recent archaeological theories of human occupation of the arid zone. 
Chapter 9 discusses the results of the taphonomic analysis of 
Allen's Cave in terms of the potential of both cultural and non-
cultural material to reveal patterns of past human behavior. These 
3 
are considered in relation to future directions rn taphonomy. 
The results of the analysis are presented in three pans; 
L The interpretation of occupation and subsistence patterns 
at Allen's Cave. 
2. The implications for arid zone archaeology in general. 
3. The implications for future taphonomic analyses of highly 
fragmented deposits which have involved a range of 
carnivores. 
1. 4. Background to the research 
The bone material from Allen's Cave was brought to my 
attention by Rob Paton, consultant archaeologist. and my request to 
analyse it as a post-graduate research project was granted by both 
Dr. Scott Cane and Professor Rhvs Jones, whose involvement in the 
Nullarbor project generally and in the re-excavation of Allen's Cave 
specifically led to the excavated material being brought to the 
Australian National University for analysis. 
The material had been initially wet-sieved rn the field through 
an 8 mm mesh screen, followed by 5 mm dry sieving. The 8 mm 
residue was hand-sorted in the field for stone artefacts, bone debris 
and charcoal. Stone artefacts were extracted from the 5 mm 
residue but no time remained to extract the bone. Thus the first 
few months of my analysis were spent sorting the bone from the 5 
mm sieve residues. 
The excavated material from pit E4, one of three excavated 
pits, yielded the highest concentration of bone debris and the 
greatest diversity in both species and bone modification. My 
analysis concentrated on this material only. 
The bone debris from pit E4 was sorted into dentaries, post-
cranial elements and unidentifiable debris (see Chapter 2). Using 
the comparative osteological collections held by the Department of 
Prehistory, Research Scool of Pacific Studies, ANU and the CSIRO 
Division of Wildlife, Gunghalin, ACT, I undertook preliminary 
identifications of all dentaries to species level and identification of 
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post-cranial elements to family level. As the existing collections 
were inadequate to allow confident identification of vertebrae and 
ribs to family level, these were included with the unidentifiable 
material. 
Following my own preliminary identifications of the dentaries, 
I willingly accepted the offer of Australian mammal osteologist Dr. 
Alex Baynes (Research Fellow, Western Australian Museum) to 
check all 3,709 dentaries from pit E4 (Appendix I of this thesis). 
My own identification success rate varied directly with the size of 
the mammal, but I was cheered by having correctly identified an 
undescribed species of potoroid before the material was sent to Dr. 
Baynes. As it happened this particular animal has previously been 
identified from cave sites on the Nullarbor by Dr. Tim Flannery of 
the Australian Museum, who initially confirmed my identification, 
and Alex Baynes who verified the comparison (see Appendix 1 ). 
The bone debris from pit E4 demonstrated a bias toward 
terrestrial mammals ranging from large to small species, with some 
reptile and bird elements. It was clear from the distribution of 
skeletal elements that smaller species were better represented 
overall, not only in terms of .preservation, but also body part 
representation and degree of modification. lt was suspected that 
the smaller mammals had been deposited by owls. whilst larger 
mammals had been deposited by mammalian carnivores, including 
humans. In order to identify the taphonomic agents involved in 
bone deposition and modification processes I sought comparative 
material from both raptors and carnivores. 
Ornithological evidence on raptors m this region of the 
Nullarbor indicated the probability of both Barn Owls and Masked 
Owls at the site. Much literature existed on the more cosmopolitan 
Barn Owl, but very little on the exclusively Australian Masked Ow! 
(see Chapter 5). I wanted to see at first hand pellet material from 
Masked Owls, and was aware that Bob Green, then Curator of 
Mammals at the Queen Victoria Museum in Launceston, Tasmania, 
had collected Masked Owl pellets for prey species identification 
some 15 years earlier. He allowed me to take his collection of 
approximately 100 pellets back to Canberra for analysis (Section 
5.4.2.2. of this thesis). 
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A fossil owl pellet deposit from a cave site near Queanbeyan, 
N.S.W., was made available to me by Phil Boot and Helen Cooke 
(Heritage Unit, A.C.T. government) to analyse breakage patterns 
amongst post-cranial debris in a non-occupied site. 
this analysis form Appendix 3 of this thesis. 
The results oif 
Several researchers had analysed debris from scats and food of 
Dingoes and Tasmanian Devils, from both captive and non-captive 
animals (Chapter 5 of this thesis). However, the existing literature 
did not clarify to what extent, if at all, these carnivores used caves 
as dens. This question became of increasing importance as my 
research progressed, and eventually led me back to Tasmania. 
Menna Jones, who was undertaking field studies of Dasyurids in 
Cradle Mountain National Park for her doctoral research with the 
University of Hobart, allowed me field observation of denning 
habits. With Menna's guidance in a very wet and leech-ridden 
beech forest and with her extensive knowledge of Dasyurid 
behavior, I was able to document the type and use of dens 
currently occupied by Tasmanian Devils. The trip also allowed me 
to collect some feeding debris from a feeding area set up by Menna 
in order to film the animals eating and scat material from around 
the dens. Menna also allowed me to analyse her extensive 
collection of bone debris from approximately 135 Tasmanian Devil 
scats; a task which proved as much exhausting as it was exhilarating 
(Appendix 4 of this thesis). 
Bone debris from a rock shelter in Morton National Park 
observed to be currently in use by wild dogs which appeared to be 
largely Dingoes, was made available to me by Phil Boot, doctoral 
student with the Department of Archaeology and Anthropology, 
ANU. However after analysing this material it was clear from 
cutmarks on the bone made by steel knives that the site had also 
been also been occupied by Europeans and therefore that the bone 
deposit reflected a mix of possibly dingo deposition and modern 
human depostion. This material was consequently discarded from 
the overall analysis. 
In the l 960's Norman Wakefield collected bone debris from 
cave sites around Buchan, in Victoria. These he attributed to 
deposition by Owls and Eastern Quolls and lodged the material with 
the Museum of Victoria. I decided to examine the bone in order to 
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document characteristics of bone modification by Quolls. However, 
having inspected the marerial I believe it is doubtful if this material 
was in fact deposited by Quolls. This is discussed in Chapter 5. 
Although Tiger Quoll bones were not present in the excavation 
material from Allen's Cave I thought it important to compare the 
full range of larger carnivores which taphonomically alter bone 
deposits. Tiger Quoll scats from nine captive Tiger Quolls were 
obtained from the Featherdale Wildlife Park, Sydney. These were 
collected and stored at Featherdale by Brad Walker, over one month 
and later analysed by me (Appendix 2 of this thesis). 
Other taphonomic information was gleaned at every 
opportunity throughout my research by recording sheep carcasses 
which had been scavenged, road kills, dens, scats and latrine sites, 
surface scatters of bone and general natural or catastrophic death of 
a range of animals. 
Having gained a broad documentation of carnivore debris 
associated with feeding and scat deposition, I needed an 
archaeological bone collection which demonstrated human 
modification in the absence of secondary taphonomic affects by 
scavengers such as Tasmanian Devils. Brendan Marshall, doctoral 
student with the Department of Archaeology, La Trobe University, 
was analysing bone material from Pleistocene rockshelters in South 
West Tasmania. 
collection. 
Brendan allowed me to examine his research 
The bone debris from these sites proved to be vastly different 
to that from Allen's Cave and indeed appeared to indicate human 
modification such as deliberate shaft fracturing without secondary 
taphonomic affects from scavengers. It was extremely useful to 
view this material and I await Brendan's own doctoral thesis on this 
signficant material. I was also able to recently examine bone 
material from Pamwak Rockshelter on Manus Island currently 
being analysed by Cory Williams, doctoral student at Monash 
University. This provided a view of processes of human 
modification to bones of smaller mammal bone, again without 
secondary taphonomic affects by scavengers. It is this material in 
particular which I consider to offer much potential in documenting 
processing of small mammals, and William's research will be of 
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immense value to the sub-discipline of taphonomy and archaeology 
generally. 
My final taphonomic analysis required sorting the bone debris 
from Allen's Cave according to its taphonomic agent. This allowed 
an estimate of the amount of bone deposited in the site by each of 
the three major agents: owls; devils and humans (see Chapter 7). It 
is anticipated that the overall taphonomic analysis of the material 
from Allen's Cave will provide the much needed criteria for 
categorising extremely fragmented bone debris whose origins lie in 
a number of taphonomic events. It is also anticipated that this 
analysis will be applicable to similar cave deposits in Australia and 
lead to a uniform approach which remains both comprehensive and 
flexible. 
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CHAPTER 2 
The archaeology of Allen's Cave 
2.1. Geology, vegetation and climate 
Originally listed as N145 on early speleological maps of the Nullarbor plains 
(Dunkley and Wigley, 1967), Allen's Cave was eventually named in honor of a 
roadworker, Allen Steurt, who was able to lead L. H. Marun, then a post-
graduate research student at the University of Sydney, to the site in the late 
1960's. Marun subsequently excavated this site and Norina and Madura 
Caves to the west over two field seasons between 1969 and 1970 (Marun, 
1974). 
Allen's Cave is situated approximately 8 km inland from the present coastline 
of the Great Australian Bight and 11 km east of Eucla (see Figure 2.1 ). 
The site sits within the narrow coastal dune-covered plain in the southern part 
of the Eucla Basin; a flat undissected karst plain (Palfreyman, 1984 ). The 
Hampton Range, a wave cut scarp (Mitchell, et al., 1979) lies to the north-west 
of the site with the Great Australian Bight to the south. The proximity of the 
scarp to Allen's Cave may have provided those occupying the site through 
extremely arid times with a more reliable source of fresh water and food. 
Allen's Cave represents a collapse doline within Tertiary limestone. Dolines 
are closed depressions, generally circular or oval in plan and are common 
features in karst morphology (Jennings, 1985). A primary cause of doline 
formation is the collapse of a cave roof and it is in this manner which Allen's 
Cave was formed (Jennings, 1985). The floor of the doline opens out in front 
of the cave. An earlier cave entrance (shown on Fig. 2.2) formed by the 
original doline collapse has since become blocked by rooffall. Neither this 
entrance nor the present one has acted as a pit-fall trap. 
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Throughout most of the 
Limestone overlies Abrakurrie 
Hampton land zone, Nullarbor 
Limestone. However in the 
southern areas the former has been stripped 
expose the underlying Abrakurrie Limestone. 
since tertiary times to 
Along the Roe Plain, 
it is the Pleistocene Roe Calcarenite which overlies Wilson Bluff 
Limestone and Abrakurrie Limestone (Mitchell, et al., 1979). The 
collapse doline which Allen's Cave represents has exposed both the 
Nullarbor and Abrakurrie Limestone. 
Rainfall data has been recorded continuously at Eucla srnce the 
late 1870's and mean annual rainfall has been estimated at 250mm 
(Mitchell. et al., 1979). Temperature recordings for Eucla indicate a 
mean monthly maxima of 26°C in January and 18QC in July and a 
c 0 
mean monthly minima of 17 C in February and 7 C in July 
(Mitchell, et al., 1979). 
Vegetation on the Eucla Basin ranges from open scrub in the 
south to low shrubland in the north (Mitchell, et al., 1979, Specht, 
1972, Martin, 1973). Open scrub formation is dominated by multi-
stemmed shrubs between two and eight metres tall and typically 
mallee-type Eucalypts (Specht, l 972). Low shrubland formation is 
dominated by chenopodiaceous shrubs up to two metres tall and 
typically consists of saltbush-bluebush communities (Specht, 1972). 
In the immediate vicinity of Allen's Cave the malice-type Eucalypts 
are Eucalyptus socialis and E. gracilis with saltbush-bluebush 
demonstrated by the presence of Atriplex vesicaria and Kochia 
sedifolia (Specht, 1972, Martin, 1973). 
Allen's Cave measures 18 m in width and 10 m in depth and 
faces north-northwest onto the floor of the doline (Figure 2.2). This 
aspect provides warmth in summer and shelter from the southerly 
winds which blow in from the coast particularly in the winter. 
However little shelter is gained in mid-summer from the hot north-
westerlies which blow dust up from the plain and into the cave. 
2.2. 1969 1970 Excavation 
Marun (1974) excavated seven one metre square pits inside 
Allen's cave which ran north-south and east-west to form a 
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symmetrical T-shape. The pits were excavated to a depth of 2.4-
5.4 m, in which ten stratigraphic 
stone tools and a large quantity 
layers were identified. Numerous 
of bone were recovered from this 
excavation. 
analysis with 
1969, 1970). 
material. 
However, the bone received only a preliminary 
a brief report produced by P. Thompson (Thompson, 
No further work has been undertaken on any of the 
Radio-carbon dates obtained from excavated samples indicated 
dis-continuous occupation beginning at about 20,000 BP. Glacial 
abandonment took place between approximately 18-15,000 BP, 
after which time the site was occupied until the present. 
2.3. 1989 Excavation 
Allen's Cave was re-excavated rn January 1989 as part of an 
archaeological reconnaissance of sites in the Nullarbor Plains of 
South Australia. The excavation was carried out jointly by team 
members from National Heritage Studies Pty. Ltd. and the 
Department of Prehistory, Research School of Pacific . Studies, 
Australian National Universtiy. Other team members included 
visitors from relevant government departments and local 
Aboriginal communities. 
Three one metre square pits; E4, D2 and D3 were excavated to a 
depth of 3.27 m, 4.03 m and 2.56 m respectively around the earlier 
T-shape excavation pits. A total of 5,300 kg of sediment was 
removed from the excavation pits. From this approximately 1300 
stone artefacts and approximately l 2 kg of bone from E4, l. 7 kg 
from D2 and 1.5 kg from D3 were extracted. 
Stone artefacts were present at the base of pit D2 but were 
absent from the base of pit E4, spits 38-41. This absence correlates 
with spits 24-25 in D2. Pit D3 was terminated by roof-fall but no 
absence of artefacts were recorded prior to this event, implying that 
the roof-fall predates spits 24-25 in D2 and 38-41 in E4. Hearths 
and burrows were found, as shown in Figure 2.3. 
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Compared to pits 02 and 03, pit E4 returned a far greater, and 
more diverse quantity of bone material and thus formed the focus 
of the taphonomic analysis undertaken in this thesis. No major 
hearths were recorded in pit E4 and neither was the oldest date for 
human occupation obtained from this pit, but in terms of a bone 
deposit, this pit offered by far the most comprehensive material. 
2.4. Stratigraphy and dating 
Pit E4 was excavated stratigraphically in the upper horizon and 
m approximately 5-lOmm deep spits in the lower horizon; a cotal of 
41 spits were excavated. 
impenetrable layer of rocks was 
The excavation ceased when an 
reached at a depth of 3.27 m. All 
burrows in the excavation were excavated separately and the bone 
debris from these has not been included in the final analysis. No 
hearths were identified in pit E4, but a series of hearths were 
identified across pits 02 and 03, described as a loose white ashy 
lens with a high charcoal content (Annie Nicholson pers.comm.). 
The hearth complex was located 8 cm beneath the surface in pit 02 
and 13 cm in pit D3 (see Figure 2.3). 
Two distinct soil horizons distinguish the upper from the lower 
horizons. The upper horizon consists of black soil extending to a 
depth of 1.36 m and comprises spits 1 to 22. The lower horizon 
extending from 1.36 -3.27 m is a mix of orange clay and sand and 
comprises spits 23-41. 
A radiocarbon sample obtained from within the upper soil 
horizon in pit E4 (E4/l 9) returned a date of; 
E4/l9 - 3720+/-150 BP (ANU.6847) 
Thermo-luminesence dating of a sample from I Ocms into the 
top of the lower orange clay horizon, equivalent to spit 23 in pit E4 
gave a date of: 
E4/23 • 9,870+/-600 BP (0x 0 n ACJSO (Roberts, et al., 1994) 
Further optical dating has been undertaken by Dr. R. Roberts 
(ANU) on a sample from E4/35, (depth of 2.65 m). This sample has 
given a firm date of: 
1 5 
E4/35 · 22,000+/-2,000 BP. (ANU OD 108) (R. G. Roberts 
pers.comm. 1994 ). 
The oldest date for the site received by optical dating methods 
was obtained on a sample (0xonAC390) from the base of pit D2 and 
is estimated 10 be 
D2 (base) · 38,200+/-300 BP (Roberts, et al., 1994). 
This pit extends below E4 and thus contains much older 
evidence for human occupation of the site. 
The dates derived from radiocarbon dating of samples from the 
upper unit are supported by the appearance of dingo Canis familaris 
dingo in E4/16, approximately lm into the black soil horizon. 
Sediments containing dingo remains from 
approximately 60km west of Allens Cave, (Figure 
dated to approximately 3,500 years .BP. This date 
Madura Cave, 
2. I) have been 
is considered to 
be the earliest reliable date for the presence of dingoes on the 
mainland (Newsome and Coman, 1989) and falls within a cluster of 
dates ranging from 3000 to 3500 BP. The Cl4 date of 3720+/-150 
BP from E4/19 of Allen's Cave places E4/16 at approximately 3000 
BP on the basis of each IOcm of deposit in the Holocene horizon 
representing approximately 200 years. 
The optical date of approximately 22,000 years old associated 
with E4/35 and the Cl 4 date associated with E4/23 of 
approximately l 0,000 years old suggests that each 10 cm of deposit 
from the lower Pleistocene horizon represents about 930 years. 
These dates differ significantly from those originally proposed 
by Marun (1974) and have important implications for interpreting 
occupation of the site during the glacial maximum. This is 
discussed in Chapter 7 of this thesis. 
The stratigraphy revealed a major disconformity between the 
Pleistocene and the Holocene horizons. It appears that a massive 
storm at approximately 5 - 6,000 BP washed the early Holocene 
material to the back of the cave. This has created a hiatus between 
the upper orange horizon (approximately 10,000 BP) and the lower 
black soil horizon (approximately 5 - 6,000 BP) 
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2 .5. Processing of excavation material 
The excavation material was dry and wet sieved on site 
through 8 mm and 5 mm mesh screens. Stone and bone from the 
8mm residues were extracted in the field. Only stone was 
extracted from the 5 mm sieves in the field. Remaining residues 
and bulk samples from each spit were returned to the ANU 
laborartory for sorting. At this stage all residues and stone 
material were washed and dried. 
Bone from the 5 mm residues for all 95 spits was extracted in 
the laboratory after washing and drying had taken place. The bone 
was immediately sorted for 
were made by the author. 
teeth and jaws and initial ident.ifications 
All identified material was then passed 
on to Dr. Alex Baynes of the West Australian Museum for revision 
and final identifications. 
2.6. Fauna! 
reconstruction 
sequence and palaeoenviromental 
A complete mammal species list is given rn Table 2.1 below. 
The presence and absence of each mammal species throughout the 
deposit is presented in Appendix 1 (Baynes, 1994 ). A small 
amount of bird and reptile bone was also identified in the deposit. 
Although this material does not form part of this analysis, the 
distribution of 
in Figure 2.4. 
and included 
bird and reptile remains through the deposit is given 
The reptile material was identified to family level 
Dragons (Agamidae), Geckos (Geckonidae), Skinks 
(Scincidae), Goannas (Yaranidae) and snakes. 
2.6.J. Mammals 
The mammalian fauna identified from the site can be divided 
on the basis of weights into small (10-80g), medium (80-2,500g) 
and large (2.5-85kg). This is shown in Table 2.1. 
From a total of 45 species (excluding rabbit) identified in the 
E4 deposit, 41 of these represent possible prey animals whilst four 
species represent medium to large sized predators. Of the total 
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number of species, small prey represent 34%; medium prey 
represent 46% and large prey 20%. 
Table 2.1. Mammal species from Allen's Cave. 
SMALL MEDIUM LARGE 
10-80 ~ (34%) 80-2500 !? (56%) 2.5-85 kll (20%) 
Kultarr Mulgarra Thylacine 
Antechinomys. laniger Dasycercus cristicauda Thylacinus 
cvnocenhalus 
Fat-tailed Dunn an Kowari Southern Hairy-nosed 
Sminthopsis Dasyuroides brynei Wombat 
crassicaudata Lasiorhinus latifrons 
Sminthopsis dolichura Western Quoll Tam mar Wallaby 
Dasvurus veoffroii Macron us euvenii 
Sminthopsis Red-tailed Phascogale Western Grey Kangaroo 
i!risoventer Phasco11ale calura M. fuUQ/nosus 
Western Pygmy-possum Numbat Red Kangaroo 
Cercartitus cone inn us Mvrmecobius fasciatus M rufus 
Gould's Wattled Bat Pig-footed Bandicoot Crescent Nail tail 
C halinolobus gouldii Chaeropus ecaudatus Wallaby 
Onvchoi!alea !unata 
Chocolate Wattled Bat Southern Brown Black-footed Rock· 
Chalinolobus morio Bandicoot wallaby 
lsoodon obesulus Petro«ale lateralis 
Lesser Long-eared Bat Western Barred Tasmanian Devil 
Nyctophilus geoffroyi Bandicoot Sarcophilus harrisii 
Perameles bouPainvitle 
Notomys sp. Bilby Dingo 
Macro/is lavotis Canis fami/iaris 
Plains Rat Burrowing Bettong 
Pseudomvs australis BettonQia Lesueur 
Pseudomys bolami Brush-tailed Bettong 
B. oenicillata 
Desert Mouse Potoroid 
Pseudomvs desertor 
Alice Springs Mouse Broad-faced Potoroo 
Pseudomvs fieldi Potorous olatyons 
Western Mouse Rufous Hare-wallaby 
Pseudomvs occidentalis La2orchestes hirsutus 
Heath RaL Banded Hare-wallaby 
Pseudomvs shortridui l. fasciatus 
Brush-tailed Possum 
Trichosurua vulnecula 
Ring-tailed Possum 
Pseudocheirus 
oereerinus 
Greater Stick -nest Rat 
Lenorillus conditor 
Bush Rat 
Rattus fuse foes 
Long-haired Rat 
R. villosissimus 
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Figure 2.4. \Veights of bird and reptile bone from Pit E4, 
Allen's Cave. 
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Species diversity over time (numbers of species per spit) is 
shown in Figure 2.5. below, demonstrating the impact of the glacial 
maximum on site occupation. 
Figure 2.5. Number of mammal species and Minimum 
Number of Individuals (MNI) in Pit E4, Allen's Cave 
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Identified mammalian predators in the site are; Tasmanian 
Devil, Sarcophilus harrisii, Tasmanian Tiger, Thylacinus 
cynocephalus, Western Quoll, Dasyurus geoffroii and Dingo, Canis 
familiaris dingo. However the condition of the smaller mammal 
bone indicated that raptors may also have deposited bone in the 
site, although none were identified in the excavation material. 
2.6.2. Owls 
The Barn Owl Tyro alba has been recorded on all continents 
and is known in Australia as the sub-speciesTyto alba delicatula 
(Schodde and Mason, 1980). The Masked Owl Tyto novaehollandiae 
has been recorded on the Australian continent (Schodde and Mason, 
1980, Hamilton-Smith, 1965) and on some Torres Strait islands and 
in southern New Guinea (Blakers et al., 1984) Four sub-species of 
the Masked Owl have been recognized (Blakers et al., 1984), two of 
which inhabit southern Australia; T. n.novaehollandiae and T, 
n.castanops. It is these two southern sub-species which are 
referred to in this discussion, although it is not expected that major 
distincitions exist between the feeding habits or ecology of the four 
sub-species. 
The Barn and Masked Owls differ in body size and hunting 
behavior but are similar in their occassional use of caves as roosting 
and breeding sites. Both species have been historically recorded in 
the Nullarbor region. Richards (1971) records the Masked owl as a 
permanent resident of Nullarbor Caves whilst Chisholm (l 967) 
notes that along with other species of (non-raptorous) birds; 
" ... the Masked Owl of the Nullarbor Plain ... (is) probably (one of) 
the most consistent 
(Chisholm, 1967 :375)". 
cave·nesters among Australian birds 
Mees (1963) notes that a specimen from 
Ooldea, on the Nullabor Plain, was the prototype for Cayley's 
subspecies; troughtoni, which became known in the literature as the 
Cave Owl. 
The Southern Boobook Ninox novaeseelandiae novaeseelandiae 
is also known to inhabit caves and has been recorded in the 
Nullarbor region (Blakers et al., 1984). However, the 
predominantly insectivorous diet of the bird makes it an unlikely 
bone depositor in Allen's Cave (Schodde and Mason, 1980; Blakers 
et al., 1984). Although the boobook is also known to prey upon 
birds and small mammals, particularly during plagues of the latter, 
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this is recognised as "less often than some romantic references 
suggest" (Schodde and Mason, 1980:54). Schodde and Mason 
(1980) give as example, the dramatic failure of a campaign between 
1918 and 1930 to rid Lord Howe Island of the common rat Rattus 
rattus by introducing Boobooks as the single predator. 
On the basis of existing evidence, it is accepted in this thesis 
that the Southern Boobok is preferentially insectivorous and its 
possible contribution to the deposit from Allen's Cave is considered 
at most, slight. However, it is probable that both the Barn and 
Masked Owls contributed to the bone deposit at the site. 
2. 7. Chronology of human occupation 
The bone deposit from Allen's cave varies most obviously 
through time in the ratio of smaller to larger mammals. In very 
broad terms the lower Pleistocene horizon is dominated by larger 
mammals, and the bone is poorly preserved and highly fragmented; 
the upper Holocene horizon is dominated by smaller mammals, the 
bone of which is better preserved and less fragmented. Large 
mammal bone in the Holocene horizon however, continues to be 
highly fragmented. These factors may be inter-related, i.e. the 
degree of overall preservation may be governed by the ratio of 
smaller to larger mammals. Smaller animals tend to have better 
skeletal survival than larger animals, a common situation now 
recognized as a general world-wide phenomena (Klein, 1989). 
The Pleistocene/Holocene boundary is a useful chronological 
indicator in archaeological terms but of little usc in discussing bone 
deposits. For example, at Allen's Cave the ratio of smaller mammal 
remains to larger mammal remains changes signficantly after the 
glacial maximum (about 18 - 20,000 BP (Chappell, 1983 ), during the 
early Holocene and during the late Holocene. rather than at the 
Pleistocene/Holocene boundary. This is demonstrated by the M~I 
estimates for the most commonly represented murids m the 
deposit, the hopping mice Notomys spp, shown in Figure 2.6. 
The distribution of stone artefacts through the deposit is shown 
in Figure 2.7. below. The weight of burnt and unburnt bone per 
spit in pit E4 is presented in Figure 2.8. The common trend in all 
22 
three graphs (Figures 2.6, 2.7, 2.8) are the changes in density 
around the glacial maximum, and mid and later Holocene. These 
show that the deposit undergoes uniform and identifiable changes 
which can be correlated with seven 'eras' of human occupation. 
These are: absence; pre-glacial maximum; glacial maximum; post-
glacial maximum; mid-holocene; late-holocene; absence. The data 
will be discussed m terms of these identified eras of human 
occupation (Chapter 7). 
23 
Figure 2.6. Minimum Number of Individuals of Notomys 
spp. in Pit E4, Allen's Cave 
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Figure 2.7. Stone artefacts per kilogram of sediment from 
Pit E4, Allen's Cave 
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The information presented in this section suggests an 
interaction between various predator behavior in 
environment at Allen's Cave over some 40,000 years. 
a changing 
It is this 
interaction which the taphonomical analysis must identify and 
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interpret m order to discuss Aboriginal subsistence and occupation 
patterns. This is preceded by a review of the historical background 
to taphonomical studies in Australia and its impact on vertebrate 
analyses, presented in the next chapter. 
2.8. Summary 
Allen's Cave is a Pleistocene site situated on the Nullarbor, 
approximately 8km inland and l lkm east of Eucla, South Australia 
(Figure 2.1). An earlier excavation indicated initial occupation of 
the site at about 20,000BP, followed by abandonment between 18-
15,000BP and re-occupation until the present. Re-excavation of the 
site has revealed continual occupation from about 40,000 BP. 
The 1989 excavation recovered approximately 1300 stone 
artefacts and l 5kg of bone debris from three excavation pits. The 
bone debris is the focus of this analysis and consists of 45 small to 
large species of mammals, with a small amount of bird and reptile 
debris. Large mammal remains are highly fragmented and skeletal 
representation is pooL Smaller species are largely complete and 
skeletally well represented. The condition of the bone material 
indicates deposition by a number of raphonomic agents, including 
humans and demands a taphonomic analysis. However, it is 
necessary to define the archaeological sub-discipline of taphonomy 
prior to undertaking the analysis. 
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CHAPTER 3 
Taphonomy from an Australian perspective 
3.1. Introduction 
The term "taphonomy" was coined in 1940 by vertebrate 
palaeontologist, I. A. Efremov. Efremov was responding to earlier 
palaeontological research on the history of vertebrate fossil 
assemblages undertaken by Weigelt and Richter in the late 1920's, 
as described by Solomon and David (1990). Olson (1980) states 
that the 'heart of taphonomic study' is the analysis of the 
"transference of biological materials from Ii ving populations to their 
incorporation into sedimentary deposits" (Olson, 1980:6). Thus, as 
its name suggests, taphonomy is understood as a set of laws 
governing the burial of organic materials. 
The development in palaeontology of a 'theory of death' and its 
consequences for archaeology has been previously described by 
researchers both in Australia (Solomon and David, 1990, Solomon, 
1986) and overseas (Olson, 1980, Gifford, 1981, Gifford-Gonzalez, 
1989, Lyman, 1994) These are comprehensive reviews of the 
historical development of taphonomy from a global perspective; 
here it is more appropriate to discuss the emergence of taphonomy 
and its application rn archaeology from a purely Australian 
viewpoint. 
A search through the Australian archaeological literature 
reveals that the term 'iaphonomy' makes its first appearance in 
published form in 1980 by Jeanette Hope (1980). Between 1975 
and 1993 thirty unpublished theses based on an analysis of 
vertebrate material from Australian archaeological sites were 
submitted to ten Australian universities. Seven of these thirty 
theses include the term "taphonomy" rn their title, the first 
appearing in 1980 (Stern, 1980). This implies a slow acceptance of 
taphonomy as a sub-discipline within archaeology when compared 
to overseas research, which embraced the term taphonomy 
somewhat earlier (Behrensmeyer, 1973, Behrensmeyer, 1975, Hill 
and Walker, 1972). However, the absence of the term taphonomy 
from either title or text does not necessarily imply that taphonomy 
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was not being practised in Australia at an earlier date. A analogous 
situation appears to have existed overseas, as reflected in the 
research by C. K. Brain. Brain's early articles focussed on the 
problems of reconstructing hunter-gatherer life from fossil 
assemblages (Brain, 1967, 1969). Although Brain's work has 
generally been acknowledged as taphonomical analysis, it was not 
until a much later publication (Brain, 1981) that Brain himself used 
the term taphonomy to define his own research. 
Behrensmeyer 
minimal use of the 
fauna! analyses. 
and Kidwell (1985) have documented the 
term 'taphonomy' in the titles and abstracts of 
They also describe how the absence of 
'taphonomy' as a key word in published papers results in far fewer 
than expected taphonornic articles from database searches. A 
similar situation exists in the Australian literature. A database 
search through Australian journals indicates that only four articles 
are indexed using 'taphonomy' as a keyword. This raises the 
question of the role of vertebrate fauna! analyses in archaeology 
prior to the formal introduction of taphonomy and its consequent 
impact on such analyses in Australia. 
The following discussion will concentrate on the. history of 
vertebrate fauna! analyses in Australia and the 
impact of taphonomical theory on such analyses. 
emergence and 
Within this the 
archaeological understanding of the term 'taphonomy' will be 
considered before presenting a definition of taphonomy for this 
thesis. It must be noted that this discussion relates specifically to 
the discipline of archaeology, and not necessarily to palaeontology. 
3.2. History of vertebrate fauna! analyses in Australia 
In 1979 Sandra Bowdler submitted her doctoral thesis on the 
analysis of archaeological material from an excavation in Cave Bay 
Cave, on Hunter Island in the Bass Strait. The deposit contained 
over 20kg of bone, which led her to investigate the processes of 
bone deposition in cave sites. As part of her investigation Bowdler, 
along with Jeanette Hope and Jim O'Connell, convened a workshop in 
late 1976 on vertebrate material in archaeological sites (Golson, 
1977, Bowdler, 1979). The workshop covered the theme of 
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processes of deposition and fragmentation of bone in sites and this 
contributed to the working definition of taphonomy proposed by 
Bowdler in her thesis (Bowdler, 1979). This understanding of 
taphonomy can now be recognised as the first definition of 
taphonomy to be outlined in Australian archeology. Bowdler 
(Bowdler, 1979) also referred to Voorhies' (Voorhies, 1969) 
interpretation of Efremov's 1940 paper for a broader understanding 
of taphonomy and on this basis firmly believed that prior to her 
own taphonomic analysis the problems of bone deposition and 
modification in archaeological sites had not been "grappled with". 
Bowdler recognised that the "problem per se" of identifying bone 
depostion processes was not new but a rigorous methodology was 
lacking leaving earlier research, in her terms, unsophisticated 
(Bowdler, 1979). As discussed below this view cannot be 
supported by the historical evidence, but her statement does stand 
as a pivotal point in the development of vertebrate fauna! analyses 
m Australia. 
In 1972 Neville Macintosh, a recognised authority on 
comparative anatomy at that time, outlined the procedures for the 
curation of bone material from archaeological sites in Australia 
(Macintosh, 1972). He began by commenting that since at least 
1892, all bone material from archaeological sites had been sent to 
the Department of Anatomy at the University of Sydney, and that 
furthermore this was still the case in 1972. The task of the 
anatomists was to identify species so that environmental 
interpretations could be made. It was not the anatomists position 
to discuss the origins or modifications of the material at hand, and 
in fact Macintosh (1972) clearly states the futility of sending highly 
fragmented material for analysis. However, the reduction of 
vertebrate assemblages to a mere species list was not always the 
case. As discussed by Lyman (1994) the question of provenance 
and causes of modification of bone deposits in European sites had 
been posed since early last century by researchers such as Buckland 
(1823) and Lartet (1860). Horton (1982, 1992) has commented 
that in Australia, researchers such as Anderson (1890), Etheridge, 
David and Grimshaw (Etheridge, et al , 1896) and Stirling ( 1900) 
had recorded bone orientation, condition and ~rticulation in their 
aim to reconstruct the causes of fossil assemblages associated with 
open sites. 
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Horton (1982) identified a gap of some 60 years following this 
initial research during which he believed little palaeoecological 
work was undertaken in Australia. He depicts this intervening gap 
as an apathetic state prevailing at the time, as exemplified in the 
work by Anderson and Fletcher (1934) who speak in terms of futile 
conjecture rather than the bouyant interpretations delivered by the 
earlier researchers. Horton (1982) suggests that it was not until 
the focus shifted away from open sites and onto caves deposits that 
palaeo-ecologic research recommenced, with work by Wakefield 
(1960) and Lundelius (1963, 1966) who were both striving to 
understand the processes of bone deposition in Australian cave 
sites. 
However, it must be noted that Horton (1982) concentrated on 
research from palaeontological sites. The history of research from 
archaeological sites does not suggest a similar gap in which a period 
of general malaise governed enquiries into the causes of bone 
deposition and modification in sites. Examples of work going on 
during this period include Spencer and Walcott (1911), Mahony 
(1912) and Tindale (1955). 
"We were at first, more especially perhaps as the 
aboriginal implement was of the nature of an anvil or 
pounding stone, disposed to attribute to human agency 
the fragmentary condition of the bones forwarded by Mr. 
Merry; but further consideration and the securing of a 
larger collection have caused us to modify this 
opinion ... many of the fragments obtained showed 
unmistakeable evidence of the fact that some powerful 
predatory animal had been at work on them." (Spencer 
and Walcott, 1911:95-96). 
"Among them are the bones of the black fellows 
themselves, of whales, seals, fish, and other marine 
animals, of birds and animals including the rabbit. 
of these animals were no doubt used for food 
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Some 
by the 
blacks and others chanced to die where their remams are 
now found ... " (Mahony, 1912:43). 
"The mammal remains at the site probably are m 
part the results of the bringing together of bodies of 
animals as food by the hunters who camped there. Not all 
are likely to be food remains since there are remains of 
animals which could have died there naturally. Others 
may have been the victims of predatory animals such as 
Thylacinus and Sarcophilus whose bones have been found 
at the site." (Tindale, 1955:287). 
"The presence of the bones and stone implements in 
apparent association in the one area could be fortuitous, 
and there are undoubted difficulties in the interpretation 
of all sites which have been exposed by wind erosion with 
consequent slumping of remains from one horizon to 
another... Hence there is every reason to regard as 
tentative, the conclusion reached here, that the presence 
of so many animal bones together with native implements 
requires the particular explaination that at least some of 
the bones were brought together on surfaces of Layer B as 
food by early aboriginal hunters." (Tindale, 1955:289). 
These quotes are testimony to the fact that researchers neither 
assumed nor ceased to question the provenance and life history of 
vertebrate debris found in association with archaeological material. 
However, the shift away from open sites to cave deposits as noted 
by Horton (1982) also had major repercussions on the analysis of 
vertebrate assemblages from archaeological sites. 
The excavation of stratified archaeological cave deposits began 
rn Australia with Tartanga and Devon Downs Shelter by Hale and 
Tindale in 1929 (Hale and Tindale, 1930). Stratified deposits 
enabled chronological sequences based on the typology of stone and 
bone artefacts to be established. Thus sequencing became a major 
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focus in the analysis of archaeological material with the excavations 
at Kenniff Cave, The Tombs and Fromm's Landing in the late l 950's 
to early I 960's (Mulvaney, et al., 1964, Mulvaney and Joyce, 1965) 
truly establishing the discipline. Not unexpectedly vertebrate 
fauna! analyses were put under the mantle of chronological 
sequencing. Species identification became the primary focus of 
vertebrate analyses, in order to identify changes in fauna! 
sequences and the comings and goings of extinct fauna. It was this 
era in vertebrate analyses to which Macintosh (1972) was witness. 
Stratified sites led Hale and Tindale (1930) to assume that all 
fauna! material associated with evidence for human occupation was 
also de facto a result of human activity; an unquestioned view until 
palaeontological work on cave sites began in the l 960's by 
Wakefield (1960) and Lundelius (l 963, Lundelius, 1966). 
The discussion of vertebrate material from Tartanga and Devon 
Downs was integrated into the central report of Hale and Tindale 
(1930). This format was followed in the report on Kenniff Cave and 
The Tombs (Mulvaney el al., 1965) although these sites revealed an 
overall paucity of vertebrate material, including bone artefacts. 
Excavation of a midden in a sea cave at Durras North by R. J. 
Lampert in the early 1960's recovered bones from fish, sea-birds, 
seal and a few terrestrial mammals, as well a large quantity of 
shells, stone artefacts; like Devon Downs Shelter, there were also an 
extraordinarly high number of bone artefacts (Lampert, 1966). 
The vertebrate analysis was primarily a typological classification of 
the bone artefacts and to a lesser extent an account of food remains 
based on identified species. As with the earlier excavations, the 
origin of the material was not questioned and the vertebrate 
analysis was integrated into the central report (Lampert, 1966). 
The vertebrate analysis of the material from Fromm's Landing 
was, by contrast, undertaken by anatomists and zoologists 
(Mac1ntosh el al,, 1964). They appended their identifications to the 
central archaeological report by Mulvaney et al. (1964). This may 
have been reflective of the absence of bone artefacts from the site, 
but was perhaps more reflective of the increasing specialisation 
taking place generally in archaeology at this time. 
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Thus with the shift to analysis of excavated stratigraphic sites 
rather than open sites a concomitant shift took place in vertebrate 
fauna! analyses, with an emphasis on establishing fauna! sequences 
and typological classification of bone artefacts. The origin of the 
material was accepted as humanly derived on the basis of its direct 
association with evidence for human occupation. This approach 
allowed fauna! analyses to be delegated to experts whose skills lay 
outside of archaeology, and was part of an overall striving toward 
increasing scientific specialisation in archaeology. 
Although questions of provenance and 
modification may not have been discussed 
causes of bone 
by archaeologists 
excavating stratified sites at this time, such questions continued to 
be posed about open sites, as demonstrated in the analysis of the 
Menindee middens by Tin dale ( 1955 ). Furthermore 
palaeontologists in the I 960's were beginning to undertake rigorous 
investigations of cave sites in order to understand these same 
questions (Wakefield, 1960, 1972, Lundelius, 1963, 1966). 
Overseas, Hughes (1954) had already investigated the question of 
carnivore deposition in caves as a response to Dart's (1949) 
research on Australopithecine behavior in southern Africa. 
In Australia, Wakefield (1960, 1972) identified owls and quolls 
as the major bone depositors in caves in the Buchan district of 
Victoria. Lundelius (1963, 1966) also identified Owls and Quolls as 
well as Tasmanian Tigers and Tasmanian Devils as major bone 
depositors in caves generally but more importantly he set out 
specific criteria for distinguishing between mammalian and 
raptorial carnivore deposits in cave sites. 
A new step in Australian research was taken by Douglas, 
Kendrick and Merrilees ( 1966 ), who undertook a feeding trial on 
two captive Tasmanian Devils, which were held at the Western 
Australian Museum for the duration of the trial. The bone 
fragments extracted from faeces and uneaten carcass parts were 
compared with an excavated deposit from a cave site near Penh. 
It was concluded by Douglas et al. (1966) that the fossil deposit, 
which contained no evidence for human occupation, was consistent 
with material from a carnivore's den. This innovative experiment 
and the resulting comparative collection, along with the criteria 
describing specific canrivore deposits proposed by Lundelius (1966) 
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in the same year, provided a critical turning point rn Australian 
fauna! analyses. This continued over the next twenty years, 
beginning with Devil's Lair. 
Devil's Lair was systematically excavated in 1970 by initially 
Dortch and Merrilees (1971) and later by Balme, Merrilees and 
Porter between 1974 and 1976 (Balme et al., 1978). A very large 
quantity of bone and stone artefacts were recovered from the 
excavations and a number of researchers worked on the material 
over the following fifteen years (Dortch et al, 1973; Baynes et al., 
1975; Balme et al. 1978; Dortch, 1984). However, what has 
characterised the research on the Devil's Lair vertebrate material 
from the beginning has been the consistent enquiry into the origin 
of the bone material and the causes of modification to the deposit 
since its original deposition. It was certainly fortuitous that the 
original although non-systematic excavations of Devil's Lair were 
undertaken by Lundelius himself as part of his research into the 
processes of cave deposits but it was also taphonomic research 
which set the framework for questioning the origins of the deposit: 
" ... Devil's lair may have served intermittently as the 
camp site of an Aboriginal group visited from time to time 
by scavenging Sarcophilus, ... some other smaller predator 
appears to be involved in the lower parts of the deposit 
and this might be Sarcophilus or Dasyurus or an owl 
such as the masked owl. .. " (Dortch and Merrilees, 
1971 :112). 
The validity of identifying many of the bone splinters as 
artefacts was also questioned by Dortch and Merri lees ( 1971 ), who 
referred to Brain's ( 1967) research on bone pseudo-tools. 
Australian vertebrate fauna! analyses were now taking an 
irreversible shift toward applying ngorous taphonomic 
methodology and gaining unprecedented independence from the 
general archaeological report. 
The acceptance of stratified archaeological sites containing 
some bone material which may not have been derived from human 
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reached its zenith with analyses by Hope (1973) and Archer activity 
(1974). 
Orchestra 
Archer's analysis of the vertebrate material 
Shell Cave, which had been excavated by Hallam in 
from 
1970 
(1974 ), suggested that all of the material was similar to the bone 
fragments from Tasmanian devil scats described by Douglas et al 
(1966). Despite archaeological evidence for human occupation in 
the site Archer (1974) concluded that none of the bone material 
represented food debris from Aboriginal occupation. A similar 
conclusion was reached by Hope ( 1973) for the material from 
Clogg's Cave, which was excavated by J. Flood in 1971 and 1972 
(Flood, 1973, 1974). Hope (1973) extrapolated from the criteria 
established by Lundelius ( 1966) for distinguishing between non-
human carnivore deposits by 
bone deposited by humans. 
also including criteria for recognising 
Using these criteria she established 
that the bone from Clogg's Cave was entirely derived from owl 
pellets and non-human carnivore food debris (Hope, 1973) - a view 
which was not, however, entirely accepted by Flood (1973, 1980). 
Venebrate fauna! analyses during the 1970's continued to 
witness innovative changes initiating progressively more rigorous 
taphonomic methodology. Horton (1976) undertook an analysis of 
megafaunal bone from Lancefield ·Swamp in Victoria. His analysis 
is in some ways reminiscent of the analyses undertaken last 
century on megafaunal bone deposited in open sites. However, the 
distinguishing feature of his report is the incisive and 
comprehensive discussion of the causes of bone deposition and 
post-depositional modification within an unquestionably 
taphonomic framework. 
Concurrent with research being undertaken by Hope (1973), 
Horton (l 976), Baynes et al (1975) and Balme et al (1978), 
taphonomic analyses of vertebrate material from Lake Mungo were 
being undertaken as part of an undergraduate course in 
Palaeoeconomy taught at the A.NU by \Vilfred Shawcross. This 
early introduction to taphonomic methods within a "Higgsian" 
palaeoenvironmental framework led to a number of students 
electing, in their final year to undertake independent fauna! 
analyses investigating questions of bone deposition in both open 
and stratified sites and their overall implications for archaeological 
interpetations (Kefous, 1977, Ross, 1977, Smith, 1977) 
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Bowdler's (1979, 1984) analysis of the deposit from Cave Bay 
Cave was finalised in 1979 and along with the analyses of Devil's 
Lair (Balme et al,, 1978) and Seton Rockshelter (Hope, 1977; 
Lampert, 1981 ), these were the first long-term research projects to 
undertake a comprehensive analysis of vertebrate material from an 
archaeological site. These particular research projects deftly 
integrated information from a range of palaeontological, zoological 
and archaeological sources in order to reconstruct major 
depositional events in site formation. This trend very much 
reflects the burgeoning multi-disciplinary approach being fostered 
in academia at that time (Shawcross and Kaye. 1980) and of the 
earlier specialisation introduced by Mulvaney et al (1964). 
In 1980 the first thesis to incorporate the term 'taphonomy' 
into the title made its appearance in Australia (Stern, 1980). 
Although Stern's thesis provided a comprehensive review of the 
definition of taphonomy since its introduction by Efremov forty 
years earlier, ironically it was not concerned with vertebrate 
material but involved an analysis of stone artefacts. In the same 
year another thesis discussing the taphonomy of plants in 
Australian archaeology also appeared (Beck, 1980). This heralded 
a new era in taphonomy in Australia-the incorporation of non-bone 
archaeological materials into a taphonomic framework. 
Since 1980, a number of vertebrate fauna! analyses have 
appeared in Australia as independent research reports carried out 
mostly by final year undergraduates, (who number twenty-four in 
all). However, as remarked earlier, few of these have incorporated 
the term 'taphonomy' into the title (Solomon, 1986, Godwin, 1981, 
Marshall, 1985, Novello, 1989, Northwood, 1990, Dagg, 1992), 
although most have attempted to define taphonomy and 
acknowledge their analysis as taphonomic. This raises the question 
of the current understanding of taphonomy in Australia, based on 
research undertaken since 1980. 
3.3. Defining taphonomy 
Stern (1980) has presented a comprehensive discussion of the 
historical definition of taphonomy which she summarised as 
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essentially the link between the living community and the fossil 
assemblage, thus enabling a palaeoecological reconstruction. This 
understanding of taphonomy is reflected throughout the vertebrate 
fauna! analyses over the last 13 years. 
Taphonomy is commonly understood to be the identification of 
processes resulting rn the deposition and modification of 
archaeological materials in sites. The continued emphasis on 
processes has allowed the sub-discipline of taphonomy to 
encompass a broad range of archaeological components that now 
extends beyond organic materials and stone artefacts to include 
palaeo-art (Bendarik, 1994) and even museology (Sturtevart, 1991 ). 
This emphasis on 
taphonomy itself to 
identifying processes has however reduced 
a series of methods which links the fossil 
assemblage to the palaeo-ecological or archaeological reconstruction, 
in the manner defined by Stern ( 1980) and Horton ( 1982). 
Taphonomy is however influential at all levels of archaeological 
enquiry. The processes by which archaeological interpretations 
about the past are constructed can be considered to consist of three 
stages. Firstly the generation of an hypothesis on the basis of the 
site materials, followed by devising a method to test the hypothesis, 
and then record the resulting evidence so that a reconstruction can 
be suggested. If we break down the archaeological record into its 
various components of bone, stone, plants, art, etc., and undertake 
separate taphonomic analyses, we compile a set of evidence for each 
component. All subsidiary evidence must then be amalgamated 
into a singular interpretation about the past. The archaeological 
reconstruction of the past based on the fossil record is also the 
taphonomical reconstruction of the past based on the fossil record. 
Taphonomy does not act as merely the draw·bridge between two 
islands of archaeological construct- the data and the interpretation. 
Although such a view is hardly divisive or controversial, it is an 
important point because as the literature in Australia indicates, 
taphonomy is commonly perceived as mere method. Its absence 
from titles, abstracts and keywords can be explained by this fact. 
Vertebrate fauna] analysts begin with their data set, intent on 
contributing to the archaeological reconstruction of the past. The 
analyst describes her/his material and method of analysis. It is at 
this point that taphonomy is most often referred to and defined in 
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terms of the method to be undertaken. However once the evidence 
is gained it becomes, from the analysts point of view, archaeological. 
The fact that taphonomy resides completely within the wider 
discipline, which in this thesis is archaeology, is rarely recognised. 
Taphonomy itself consists of data, hypothesis, method, evidence and 
reconstruction. Taphonomic methods can be used by other 
disciplines but taphonomic hypotheses and reconstructions express 
the wider discipline on which they are wholly dependent. 
Taphonomy is generally regarded to have begun in Australia m 
the 1970's, as presumed by Bowdler (1979). This view has arisen 
because of the perception of taphonomy as methodology, hence 
Bowdler's ( 1979) comment that earlier work lacked "a more 
sophisticated approach". This view is reasonable in light of 
contemporary taphonomic methods, but questionable if taphonomy 
is seen as more than just method. For example in 1911, Spencer 
and Walcott (1911) attempted to identify the agent responsible for 
the cuts and incisions found on some skeletal elements of extinct 
kangaroos. They carried out replication experiments using 
modelling clay and fossil teeth from Thylacoleo, an extinct 
marsupial carnivore and compared their material with. bone from 
other sites. They also performed empirical research into Jong bone 
fragmentation 
discussed the 
for removing marrow, and more 
limitations of their experimental research. 
importantly 
From his observations of modern aboriginal campsites in which 
dingoes "manage to dispose of most bone substance", Tindale (1955) 
suggested that the midden deposits at Menindee may have been 
equally disturbed by dingoes. 
Taphonomy is not merely a means to 
perceived as other than taphonomical. 
an external end; an end 
Taphonomy is the 
identification of processes which deposit and alter archaeological 
material, identification achieved through the application of 
taphonomic methods. But taphonomy is also the generation of an 
hypothesis and reconstruction of past processes which are in 
themselves expressive of and meaningful within archaeological 
theory. Taphonomy is not merely a methodological link between 
stages of archaeological enquiry, it is rather an enquiry in its own 
right. 
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3.4. Summary 
Taphonomy was formally introduced into Australian 
archaeology in the mid-l 970's. However, analysis of vertebrate 
material from archaeological sites had been a focus in site 
interpretation since the last century, undertaken largely by trained 
palaeontologists and anatomists. Enquiry at this time was a mixture 
of empiricism, experimentation and observation. However, the 
excavation of stratified sites, beginning in the l 930's, appears to 
have resulted in a lack of enquiry into the origins of cave deposits. 
Archaeological specialisation with a broad scientific basis in the 
l 960's-70's ensured accurate and extensive species lists but little 
enquiry about bone prevenance. The introduction of taphonomy at 
this time was signficant and had a dramatic impact on the nature of 
vertebrate analyses, giving them independent status and an 
unprecedented level of enquiry. However, taphonomy was in 
many ways perceived as simply a method and not as a reflection of 
archaeology itself. It is argued here that taphonomy generates its 
own hypotheses, methods of investigation and results, which must 
link back into the broader discipline of archaeology. Taphonomy 
began as the 'laws of burial' and has moved into a contemporary 
understanding relating to all processes of site formation which alter 
the human record. 
The bone debris from Allen's Cave represents a series of 
taphonomic depositional events. Identifying the agents responsible 
for these events and ultimately gaining an impression of the 
cultural bone material has been the aim of previous taphonomic 
analyses for key cave sites in Australia. Earlier analyses attempted 
to establish criteria on which cultural bone debris could be 
identified, allowing subsistence patterns to be interpretated. The 
degree of success toward this goal is explored in the next chapter. 
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Taphonomical 
bone debris in 
4.1. Introduction 
CHAPTER 4 
methods for identifying cultural 
Australian archaeological cave 
assemblages 
The presence of stone artefacts, charcoal and charred bone 
throughout the deposit from Allen's Cave provides strong evidence 
for continuous occupation by humans. However on the basis of the 
prey species and condition of the prey bone in the deposit, more 
than one predator is suspected of having accumulated bone at the 
site, as was discussed in the previous chapter. In order to identify 
the component of the overall deposit which has resulted directly 
from human occupation, the characteristics of humanly deposited 
bone need to be defined. This has been and still remains the 
intrinsic archaeological question for both past and present 
taphonomic analyses rn Australia and overseas (Cosgrove, et al., 
1990, Lyman, 1987). 
The importance of being able to distinguish humanly deposited 
bone has been highlighted by the difficulties and controversies 
around the interpretations of sites such as Mammoth Cave (Archer, 
et al., 1980), Skull Cave (Porter, 1979) and Orchestra Shell Cave 
(Archer, 1974 ). The fauna! material from Mammoth Cave was 
interpreted as cultural despite the lack of any other evidence for 
human occupation. Skull Cave and Orchestra Shell Cave both 
contained artefacts and some burnt bone but the fauna] material 
was interpreted as having accumulated from pit fall deaths in the 
former, and from Tasmanian Devils in the latter. 
The analysis of bone deposits from sites such as Clogg's Cave, 
Seton Rockshelter, Cave Bay Cave and Devil's Lair have in each case 
attempted to establish a set of criteria which define the bone 
deposit resulting from human occupation. This chapter examines 
those criteria and the methodologies on which they were based. In 
doing so it considers their potential application to interpreting the 
bone deposit from Allen's Cave. The four sites examined here have 
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all contributed immensely to the development of taphonomic 
analyses in their attempt to distinguish human from non-human 
carnivore deposits. However, as this chapter also attempts to 
demonstrate, if these taphonomic analyses have largely failed to 
establish a set of general criteria by which humanly deposited bone 
in assemblages of mixed origins can be readily distinguished, then a 
major reason has been the dearth of knowledge concerning predator 
ecology existing at that time. 
4.2. Clogg's Cave 
4.2.1. Introduction 
Clogg's Cave, near Buchan in Victoria. contained evidence of 
human occupation dating back lO approximately 18,000 BP, 
although the lowest level of the deposit was dated to approximately 
23,000 BP (Flood, 1974). 
Flood had visited the site whilst investigating the prehistory of 
the highlands and tablelands area of southeast Australia (Flood, 
1973). She found the cave to consist of an exterior rock-shelter 
area, a main chamber and an upper chamber with interconnecting 
passageways. As the upper chamber provided neither sufficient 
headroom nor a natural chimney, Flood (1973) did not consider that 
it would have been suitable for human habitation. The exterior 
rock-shelter and main chamber however, did appear suitable for 
occupation and excavations began here in 1971 (Flood, 1973). 
Flood ( 1973) stressed that these excavations were undertaken 
at a time when her field-work program was almost completed and 
were therefore limited in scale. Despite the limitations of scale, the 
deposit was found to contain; 
" I ... so arge a 
is still in progress 
quantity of bone that the bone analysis 
so this is in the nature of a preliminary 
report. However sufficient analysis has been done to 
make clear the main characteristics and developments in 
the fauna! sequence," (Flood, 1973 :257), 
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Unfortunately the main characteristics and developments in 
the fauna! sequence referred to here have not been added to since, 
and appeared unaltered in a later publication by Flood (l 980). 
None the less, this does not detract from the overall importance of 
Clogg's Cave as the first 
"Pleistocene stratified archaeological site rn eastern 
Australia in which bone tools and fauna are preserved 
and which contains extinct megafauna rn a datable 
context." (Flood, 1974:188). 
Three trenches covering a total of 7.5 sq.m. (about one quarter 
of the total surface area) were dug in the rockshelter area, to 
varyings depth from l.5-2.4m. The density of stone tools and bone 
was found to be sparse throughout, and the only incidence of shell 
from Clogg's Cave was recorded in the upper layers. Vertebrate 
species from the excavation were identified by Jeanette Hope 
(1973) and found to include a range of small to large mammals 
throughout all trenches. Some of the bone was stained a deep 
yellow colour, causing it to appear older than any of the bone from 
within the main chamber which was coloured brown to red. 
Overall the bone from the rockshelter area was far less in quantity 
and also less burnt than that from within the main chamber, and 
only a qualitative analysis of this material was made by Hope 
(1973). However, Flood felt that some of the large mammals 
present, such as swamp wallabies which did not normally inhabit 
rockshelters, could "only be interpreted as due to Aboriginal agency, 
or natural death and the former seems the more likely" (Flood, 
1973 :263 ). 
Four pits (S,T,SS and TT) covering a total of four sq. m., were 
excavated in the main chamber. Each one was excavated down to 
l .5m, at which point a limestone block was encountered, preventing 
further excavation in Pits SS and TT; Pits S and T continued an 
additional 90cm. before another block was encountered, causing the 
excavation to cease. 
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The lowest excavation level, in Pit S, formed a steeply dipping 
stratum which contained the remains of extinct mammals but no 
evidence of hearths or tools (Flood, 1973 ). The dipping stratum 
was met by a disconformity on the other side of which, in Pit SS, 
small mammal bones, tools and charcoal were located. Thus, 
extinct mammals seemed to be located adjacent to extant fauna and 
evidence for human occupation. However, it was agreed by both 
Flood and Hope that these two areas, divided by the disconformity, 
could not be of the same level or age. The more recent area in Pit 
SS was dated to approximately 18,000 BP, the oldest recorded 
human occupation level at Clogg's Cave. 
Pit SS was found to contain a high concentration of small 
mammal remains (at least 90% of the total deposit were in spits 1 to 
20) and a comparatively large quantity of bone throughout 
Therefore, despite the evidence for human 
interpreted as primarily an owl deposit, 
amount of other debris (Hope, 1973 ). 
occupation, Pit SS was 
mixed with a minor 
Single teeth from Sthenurus sp. and Thylacinus sp. were 
found in the lower layers of Pits T and TI. However, in contrast to 
Pit S, very little bone was obtained from these two pits. Pit S 
contained the oldest dated level, varied fauna and distinct horizons. 
It also contained the greatest quantity of large mammal bone, some 
of which was in association with hearths and artefacts. For these 
reasons Pit S became the focus of the fauna! analysis by Hope (Hope, 
1973). Detailed species counts were made and much of the general 
discussion by Flood (1973, 1974, I 980) on the origins and 
implications of the bone deposit from Clogg's Cave refers only to the 
material from Pit S. 
Pit S consisted of 27 spit levels, contained approximately 4.5kg 
of bone and was easily divided into three distinct zones on the basis 
of the mammal fauna: the lower zone, dated to approximately 
23,000 BP; the sterile zone; and the upper zone (Hope, 1973 ). Birds 
and reptiles were also found throughout the deposit but in far 
fewer numbers and these have not been analysed to date. 
The lowest zone contained highly fragmented remains of 
extinct species, including large macropods Sthenurus orienta!is and 
Macropus titan and the Tasmanian Devil Sarcophilus sp.. The only 
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bone point recorded from Clogg's Cave was found in spit I 5 of this 
zone. This spit level immediately preceded the sterile zone which, 
although practically void of all bone, did contain some stone tools. 
The upper zone of Spit S contained an extensive hearth layer 
located approximately 15-20cm below the present cave surface. 
Charcoal, burnt river pebbles and masses of white ash were found 
within this feature (Flood, 1974 ). Underneath was a horizon of 
burnt bones, mostly from small mammals, which were coloured 
black to grey; these were interpreted by Flood ( 197 4) as having 
been caused by intense heat. Unburnt large mammal bone was 
also present but in smaller quantities and less fragmented than that 
in the lowest zone. Stone tools were associated with the hearth 
area but were virtually absent from the layers above the hearth 
itself. Charcoal from the upper hearth layer gave a date of 
approximately 9,000 BP No evidence for human occupation could 
be found in the layers above the hearth. 
4.2.2. Faunal analysis 
In order to identify the origin of the deposit from Pit S in 
particular, and from the other three pits and the rockshelter area 
more generally, Hope used the criteria originally proposed by 
Lundelius (1966) to identify an owl deposit and a marsupial 
carnivore deposit. An owl deposit was characterised by Lundelius 
(1966) as: 
I. The bones are generally unbroken and whole skulls may 
be present. 
2. The animals represented are small with the largest about 
the size of a rabbit. 
3. The largest sized animals are represented by juveniles. 
Hope believed that these criteria fitted the small mammal 
component throughout the whole excavation, but in particular to Pit 
SS which contained by far the greatest amount of small mammal 
remains and lay beneath a natural overhang. 
Lundelius ( l 966) characterised a marsupial carnivore deposit 
as; 
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1. The bones of the predator itself are present. 
2. Copro!ites are present. 
3. The bones of the prey will show by the degree of breakage 
and presence of toothmarks etc. that they were taken by 
the predator concerned. 
No coprolites were found anywhere in the material from Clogg's 
Cave, but Hope considered that there was sufficient evidence for 
interpreting the lowest zone of Pit S as having been accumulated by 
Tasmanian Devils. As discussed above, this zone contained highly 
fragmented remains of large macropods and Tasmanian Devils. 
Tasmanian Devil remains were found in seven of the thirteen spits 
in the lower zone of Pit S. The material from the lowest zone also 
showed toothmarks and "exactly the degree of fragmentation" 
which Douglas, Kendrick and Merrilees (1966) believed to 
characterise a Tasmanian Devil deposit (Hope, 1973). On the basis 
of this evidence, Hope felt there was " .. no doubt that most of the 
large mammal component in the lower levels represented the prey 
of Sarcophilus sp." (Hope, 1973:6). 
Eastern Quolls Dasyurus viverrinus also occurred throughout 
the deposit and were briefly considered by Hope as possibly 
responsible for some of the smaller mammal bone in this zone. 
However, from the research by Lundelius (1966) and Wakefield 
(1960), Hope (1973) interpreted a Quoll deposit as one containing a 
high concentration of bone which was highly fragmented, mostly 
possum-sized prey. She felt that this was not the case for the 
material in the lowest zone of Pit S, and believed that owls were 
responsible for accumulating the small mammal remains 
throughout. 
A single molar from Thylacinus sp. was also found in spit 20 of 
Pit TT, and although Flood ( 197 4, J 973) considered that this 
carnivore had also used the cave as a lair in which to accumulate 
bone this possibility was not discussed by Hope (I 973 ). 
The criteria for a human deposit was described by Hope as 
i. independent evidence of human habitation such as 
hearths and tools 
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11. presence of species likely to have been hunted by and 
eaten by man 
iii. bone of these species butchered and possibly burnt." 
(Hope, 1973:7}. 
Of the three zones rn Pit S, only the upper zone contained 
independent evidence for human occupation. Hope clearly 
indicated that large mammals were the species most likely to have 
been hunted and eaten by humans, and although their remains 
were also present in the upper zone no evidence of butchering or 
burning could be found on any of the bone. Only small mammal 
bone was found to be burnt and this was taken to indicate " ... that 
burnt bones in the deposit are not necessarily food remains but 
probably result from the charring of the surface of bone beds." 
8(Flood, 1973:255). 
4.2.3. Discussion 
Hope's interpretation of the fauna! material presents problems 
as a result of two major assumptions; species targeting by 
mammalian predators and identification of discrete predator 
horizons. Hope believed that large mammals alone were the 
principal target of both the human predators and Tasmanian Devils 
occupying Clogg's Cave, and whilst recognising that Owls were active 
throughout Pit S, the possibility that humans and another 
mammalian predator were present in the same zone was not 
considered. The implications of these two assumptions need to be 
discussed. As insufficient information and limited interpretations 
were given for material from Pits T, TT and SS and the rockshelter 
area, the following discussion refers mainly to the interpretations 
for Pit S. 
Flood (1973) documented a comprehensive list of vertebrate, 
invertebrate and plant foods consumed by Aborigines of the 
Southern Uplands from the available ethnographic literature. 
Many of the vertebrate species identified from Pit S are 
ethnographically recorded food items. On the basis of this evidence 
Flood (1973, 1974, 1980) suggested that the human inhabitants of 
Clogg's Cave would have exploited the full range of local fauna. 
Hope ( 1973) dismissed this possibility claiming that whilst small 
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mammals; "may have been hunted and eaten by man, there is no 
good evidence to suggest that they were."(Hope, 1973:7). Hope 
retained the belief that large mammals alone were the likely target 
of human hunters. By doing so she was forced to conclude that 
"Man may have been responsible for some of the animals in the 
upper levels (of Pit S) but there is no direct evidence for this." 
(Hope, 1973:7). 
Flood appears to vacillate between agreeing with Hope that 
there is "no direct evidence" and feeling that some of the bone 
"must represent human food remains" 
"It is possible to account for the presence and 
condition of all the bone in Cloggs Cave as the product of 
natural agencies, rather than as the food remains of its 
prehistoric occupants. And although it seems likely that 
some of the bone does reflect Aboriginal diet it is 
extremely difficult to demonstrate this with any 
certainty." (Flood, 1973:261). 
"At least some of the bone in the cave must represent 
human food remains, but the presence of owls, and animal 
predators such as the Tasmanian Devil and the Tasmanian 
Wolf has made it very difficult to distinguish the debris of 
human from animal predators." (Flood, 1973:288, 
1980:269). 
On the basis of Lundelius's (1966) criteria for recogmsrng an 
owl or marsupial carnivore deposit according to the condition of the 
bone, Hope (1973) attributed the small bone throughout Pits S and 
SS to Owls and the large mammal bone from the lower zone of Pit S 
to Tasmanian Devils. The large mammal bone in the upper zone of 
Pit S was expected by Hope to be associated with human occupation, 
but as it showed neither burning nor marks of butchery it's origin 
was left unconfirmed. It was not suggested at any stage by Hope 
that smaller mammal remains might also be associated with 
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deposits accumulated by Tasmanian Devils or humans. Studies on 
the stomach contents of Tasmanian Devils (Guiler, 1964, 1970) and 
historical records of the diet of Aborigines in the local area (Flood, 
1973), indicate a prey overlap between Owls, Tasmanian Devils and 
Aborigines. In attempting to locate discrete predator zones, two 
points appear to have been overlooked. 
Firstly, in the upper zone of Pit S, evidence for human 
occupation, large mammal bone and bone with teeth marks were 
also found. This latter fact was reported only by Flood: 
" ... the bone in Pit S (in spits 1-8) includes more large 
mammals such as macropodids, and is more likely to 
represent human dietary remains. If the cave was 
vacated each summer, or for longer periods, it may have 
become at that time the lair of a Devil or Thylacine, which 
would account for the animal teeth marks on some bone" 
8(Flood, 1973:289). 
This implies debris accumulated by a number of different 
predators, all of which overlap in their prey range. Similarly, Pit SS 
also contained evidence of human occupation, having the oldest 
dated cultural level for Clogg's Cave, but was interpreted primarily 
as an owl deposit due to its high concentration and large quantity of 
small mammal remains. 
Secondly, the lowest zone of Pit S contained mainly large 
mammals and bone fragments resembling those described by 
Douglas et al ( 1966) for fragments from a Tasmanian Devil deposit. 
However, the presence of the bone tool also in this lowest zone was 
not accounted for by Hope (1973 ). In the same spit as the bone 
tool, the highest number of individual animals in any one spit from 
pit S was recorded. This high count resulted from an increase in the 
number of small dasyurids, possums and bandicoots compared to 
previous spits. Macropod counts remained the same as elsewhere. 
Thus there was an increase in numbers of smaller mammals, and 
this increase was associated with evidence for human presence. 
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Lundelius's (1966) models for carnivore deposits and the work 
by Douglas et al . (1966) indicated the presence of both Owls and 
Tasmanian Devils at Clogg's Cave, whilst hearths and artefacts 
indicated the presence of humans. The deposit was recognised by 
both Flood (1973) and Hope (1973) as one of mixed origin. 
However, Hope assumed that individual predators were isolated to 
discrete zones in Pit S and that specific prey groups were targeted 
by them. These assumptions however, caused major problems for 
Hope (1973) in interpreting the fauna! material associated with 
human occupation at Clogg's Cave. 
Flood believed that 
"This question of the contribution of Aboriginal 
hunters to the bone deposit will be considerably 
illuminated when species counts are complete for all the 
excavated bone from the cave and rock·shelter." (Flood, 
1973:263). 
This is true to a certain extent but it is not species counts alone 
which "illuminate" a human deposit but rather the ability to 
identify human discard within a deposit of mixed origin, as 
discussed in the introduction to this chapter and more fully rn 
Chapter 5. 
4.2.4. Summary 
The deposit from Clogg's Cave appears to reflect concurrent and 
ongoing deposition by three major taphonomic agents; Owls, 
Tasmanian Devils and Aborigines. 
Major problems in the methodology stemmed from a set of 
assumptions· discrete predator horizons could be identified; 
Aborigines targetted only large mammals and the lack of direct 
evidence for Aboriginal hunting of smaller species implied that they 
did not. 
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4.3. Seton Rockshelter 
4.3.1. Introduction 
Seton Rockshelter on Kangaroo Island, South Australia, is a late 
Pleistocene site dating from approximately 16,000 to 10,000 BP 
(Hope, 1977). Tin dale reconnoitered the island's limestone caves in 
search of a stratified deposit with evidence of human occupation 
and Kartan lithic artefacts. However, this proved unsuccesful and 
in 1971 Lampert took up the search, eventually being directed to 
Seton Rockshelter by a local farmer (Lampert, 1977). A test pit 
revealed evidence for human occupation but no Kartan tools. 
Instead a totally different small stone industry was found by 
Lampert in association with fauna! remains. 
eventually led Lampert to conjecture that two groups 
This discovery 
of people with 
vastly different tool kits had inhabited the island at different times 
(Lampert, 1977). 
Further excavations were undertaken in l 972 and 1973 
(Lampert, 1981 ). The original test pit (K7) was continued as a one 
metre square trench and excavated stratigraphically. The resulting 
material was sieved through a 2mm mesh. The second pit (K6) dug 
adjacent to K7 was taken to bedrock and, after hand-sorting and 
washing of bagged sediment, approximately 16 kilograms of fauna! 
material was obtained. The K7 and K6 material provided a rich 
collection of mammal, bird and reptile bones, egg shell, marine and 
freshwater molluscs and plant remains for analysis. However, the 
material was highly fragmented and largely unidentifiable to 
species level. Material which was potentially idenitifiable was 
sorted into rodent, marsupial, reptile or bird bones and these were 
then identified to species level by J. Hope, E. Edmondson, M. J. 
Smith and G. F. Van Tets respectively. Minimum Number of 
Individual (MNI) estimates for each identified species were given in 
the published report by Hope et al. ( 1977). 
The excavations progressed by 5 or l Ocm spit levels, the depth 
being controlled by natural stratigraphic divisions. Each spit was 
labelled as a subunit, the upper most being "a" and the lowest being 
"o". As cultural and non-cultural horizons came to be recognised, 
the subunits were grouped accordingly, until four discrete units 
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were established. Cultural units were defined by the presence of 
stone tools and a hearth and/or burnt bone. 
4.3.2. Fauna/ analysis 
In order to discuss the methodology behind the fauna! analysis, 
it is necessary to review the excavation procedure, quantities and 
dates. 
Unit I, comprising subunits a-f, represented one metre of 
cultural deposit. Subunit e of Unit I contained a hearth which was 
dated to approximately l l ,000 BP. Unit II comprised subunits g-k 
and represented 0.5m of non-cultural deposit. Unit III comprised 
subunit 1 only and represented 0.005m of cultural deposit. This 
subunit contained charcoal which was dated to approximately 
16,000 BP. Unit IV comprised subunits m-o and represented 
approximately 0.03m of non-cultural deposit. 
The vast majority of the stone tools, burnt bone and emu 
eggshell were located in Unit I with very little of either in the lower 
cultural deposit Unit III. Hope et al. (1977) suggested that this was 
possibly an "artefact of the excavation procedure". However when 
numbers of freshwater and terrestrial molluscs were graphed, an 
obvious peak was found in Unit III. The researchers believed that 
the only mode of transport for the molluscs into the cave was on 
plants gathered by humans, thus supporting the belief that Unit III 
contained a cultural deposit. Furthermore, remains of the two 
largest kangaroos; the extinct Sthenurus cf gilli and the Red 
Kangaroo Macropus rufus were both found in Unit III and the 
subunits immediately adjacent to it, although it must be pointed out 
that M. rufus also appears midway through Unit II, a fact which 
was not accounted for by the researchers. The third largest 
macropod from the site, the western grey kangaroo Macro pus 
fuliginosus had an MNI estimate of thirteen in Unit I, five in the 
non-cultural Unit II and none elsewhere. This clustering in and 
around the cultural units was suggested by Hope ei al. (1977) to 
indicate specific hunting of large macropods by humans. 
The evidence for human activity in both Units I and Ill was 
based on the presence of: burnt bone; large macropods and exotic 
material such as eggshell in Unit I and molluscs in both Units I and 
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III. However, obvious differences between the two cultural bone 
assemblages were at the same time clearly apparent and required 
explanation. These differences were found in 
1. The quantity of burnt bone 
2. Bone fragmentation patterns 
3. Species diversity. 
Each of these differences need to be discussed in order to 
understand the criteria set up by Hope et al. (1977) for describing a 
cultural deposit at Seton Rockshelter. 
Before discussing the factors which came to be associated with 
human activity at Seton by Hope et al. (1977) the differences 
between the cultural units need to be discussed. 
L The quantity of burnt bone. 
Unit I contained the vast majority of burnt bone. The lower 
cultural Unit III contained so little burnt bone that subunit m, 
situated immediately below Unit III, was found to contain more 
than Unit Ill itself. This was interpreted by the researchers as a 
result of cave occupants lighting campfires upon older debris. 
Burnt bone in the lower three units was described as blackened 
whereas the Unit I burnt bone was described as calcined (Hope, 
1977). 
2. Bone fragmentation patterns. 
Remains of Tasmanian Devils Sarcophilus harrisii were 
identified throughout all four units, with eight out of a total of nine 
MNI estimates being in the lower three units and some of the bone 
in these lower units was believed to have tooth marks. On the 
basis of this evidence and the results from research on Tasmanian 
Devil deposits by Lundelius (Lundelius, 1966) and Douglas, Kendrick 
and Merrilees (1966), Hope et al.( 1977) suggested that Tasmanian 
Devils had fragmented all the bone in the three lower units, 
including that discarded by humans. Thus the culrnral and non-
cultural bone in these three units could not be differentiated on the 
basis of fragment size or condition. 
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Fragmentation of bone in Unit I was believed by Hope et al. 
( 1977) to have largely occurred during calcination. Cave treadage 
was also considered to have caused further, although minor, 
fragmentation after burning. Other fragmentation processes such 
as the manufacturing of bone artefacts or the processing of 
macropod limb bones to obtain marrow were not suggested by the 
researchers. However, these are likely events considering that two 
bone points were found in subunit f of Unit I (Lampert, 1977, 1981) 
and Unit I had the heaviest concentration of large macropod bone, 
all of which was "highly fragmented". 
To support their suggestion that different bone fragmentation 
processes had operated in the two identified cultural units, resulting 
in different mean fragment lengths, Hope et al. (1977) performed a 
size analysis on all the unidentifiable bone. These fragments were 
initially divided on the basis of being more or less than 20mm in 
length. In Unit I less than 80% (by weight) of fragments measured 
less than 20mm. In Units II-IV more than 80% measured less than 
20mm. Bone fragments greater than 20mm in length from all units 
were then sorted into lOmm size classes and the mean and 
standard deviation calculated for each subunit. The .results were 
found to be 
"In all subunits of Unit I the mean fragment length is 
more than 27mm whilst for the subunits h-o in the lower 
units the mean length is very constant lying between 25 
and 27mm. Subunit g is intermediate between the upper 
and lower groups in 
probably represents 
1977:368). 
Hope et al. (1977) 
this and in other analyses and 
a transitional zone." (Hope, 
claimed that the size analysis 
established significant differences between the two cultural 
had 
bone 
assemblages. Furthermore, these differences were interpreted as 
largely due to the activity of the Tasmanian Devil 10 the lower 
cultural unit and human activity in the upper. 
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3. Species diversity 
According to Hope (1977) most of the Unit I bone could be 
attributed to one species, the Western Grey Kangaroo. .MNI 
estimates had been based on identifiable jaws only and Hope el al. 
(1977) felt that the true numbers of this individual were severely 
underestimated. In contrast, the three lower (cultural and non-
cultural) units contained a wide diversity of species. This was 
attributed to the presence of Tasmanian Devils, which were 
understood to consume a wide range of prey. 
Units I and III were both found to be associated with human 
activity due to the presence of: burnt bone; large macropods; and 
exotic material. The major difference between these two cultural 
units was believed to have been the presence of the Tasmanian 
Devil in the lower unit. This carnivore was associated with a 
smaller mean fragment length and much wider range of prey 
species. In contrast, calcination was suggested to have been the 
most significant process of bone fragmentation in the upper unit, 
with the Tasmanian Devil largely absent or ineffective. 
The identified similarities and differences between the two 
cultural units at Seton generated both criteria for a human deposit 
and criteria for a Tasmanian Devil deposit. 
Summarising from the work by Hope et al. (1977), a human 
deposit was believed to be associated with: 
L A greater number of larger fragments resulting in a 
comparatively longer mean length (greater than 27 mm) 
of unidentifiable bone fragments. 
2. The presence of burnt bone. 
3. Fewer prey species, with an emphasis on large macropods. 
A Tasmanian devil deposit was believed to be associated with 
I. A greater number of smaller fragments resulting in a 
comparatively shorter mean length (25 - 27 mm) of 
unidentifiable bone fragments. 
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2. The presence of tooth marks and fragments which had a 
similar appearance to that reported by Douglas et al. 
(1966) for a Tasmanian Devil deposit. 
3. A wide diversity of prey. 
4. The remains of the carnivore itself. 
To assess if a general methodology has in fact been achieved 
for distinguishing between a deposit by humans and one by 
Tasmanian Devils in archaeological sites, these two sets of criteria 
need careful evaluation. 
4.3.3. Non-human deposit 
4.3.3.1. Bone fragment lengths 
A size analysis was performed on the unidentifiable bone 
fragments from the excavation. Apart from the poor presentation 
of the data, some major problems in interpretation 
result of the deficiencies in the method used. 
discussed below. 
arose as a direct 
These will be 
Species identification wer.e made on the maxillae and 
mandibles only, as the highly fragmented condition of the material 
allowed little chance of identifying post-cranial material to the level 
of species or even skeletal element. However, this rather large 
unidentified subset of material was identifiable into the broad 
categories of smaller or larger mammal, bird or reptile. Instead, 
Hope et al. (1977) combined skeletal material from fauna of varying 
size range, despite having acknowledged that most of the Unit I 
bone "can be attributed to ... the western grey" (Hope et al., 
1977:368) and most of the bone from the lower three units could be 
attributed to smaller mammals, birds and reptiles. At Seton, when 
undertaking the size analysis no distinction was made between 
bone from smaller or larger animals or between different skeletal 
areas. This is a significant factor when attempting ro compare 
material between excavation units which have disproportionate 
concentrations of small and large mammal, bird and rep ti le remains, 
as was the case at Seton. This problem was further compounded 
by expressing the results of the size analysis as a ratio of the total 
weight of unidentifiable fragments. The resulting statement that 
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fragments less than 20mm in Unit I constitute by weight less than 
80% whilst those in Units II-IV constitute more than 80%, has little 
meaning in terms of different fragmentation processes. Bone 
fragments from large fauna will, on average, weigh more than an 
equal number of fragments of smaller fauna. Thus the size analysis 
by Hope et al. (1977) merely reflects the fauna! range, not bone 
fragmentation processes. 
Similarly the comparison of mean fragment lengths between 
the upper unit and the lower three units reflects the fauna! range, 
not bone fragmentation processes. The lower three units contained 
76% of small mammal remains, 95% of bird remains and 95% of 
reptile remains and thus it is not unexpected that a smaller mean 
length of unidentifiable bone fragments would be found. Other 
factors also need to be discussed. 
Three mammalian carnivores other than the Tasmanian Devil 
were identified in the material from Seton; Quolls (Das y u r us 
geoffroii or D. viverrinus), Tiger Cats, (now more commonly referred 
to as Tiger Quolls, D. maculatus) and Tasmanian Devils Sarcophilus 
harr is ii. These species are represented in all four units, having a 
total MNI estimate of 17, 6 and 9 for each species respectively._ 
However they are mostly concentrated in the lower three units, 
with only one representative of each species appearing in Unit I. 
The Quolls and Tiger Quolls were considered by Hope et al. (1977) 
as possible but far less likely bone modifiers at Seton, on the basis 
of the identified prey composition. For the same reason, Hope et al. 
(1977), after noting that Owls had usually been present at sites 
associated with Tasmanian Devil activity, felt that in this case Owls 
were not active at Seton. The material in the lower three units was 
believed to be "best attributed to Sarcophilus in terms of both 
fragmentation and species composition." (Hope et al., 1977:369). 
The shortcomings of this approach need some discussion. 
Although Quolls are apparently capable of creating or modifing 
existing bone deposits (Fleay, 1932), their largely insectivorous diet 
precludes them from doing so in a mixed deposit to any observable 
degree (Green, 1967, Blackhall, 1980). However, the much larger 
Tiger Quolls are capable of creating or modifing existing bone 
deposits and should not be overlooked. The length and weight of 
these carnivores overlaps the lower end of the range recorded for 
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Tasmanian Devils (Edgar, 1983 ). Their diet includes a variety of 
prey ranging from birds, reptiles and small to medium sized 
mammals (Troughton, 1954), i.e most of the fauna identified 
throughout the lower three units of Seton. The nocturnal Tiger 
Quoll has been recorded as an exceptional climber, able to attack 
roosting birds and small arboreal mammals (Lord, 1924; Stanbury, 
1970). Troughton (1954) noted their habit of falling from a tree 
with prey grasped by the neck. Prey is generally killed by a bite to 
the back of the neck (Fleay, 1940). Tiger Quolls are also known to 
scavenge carcasses and to occassionally make nests in caves where 
food will be brought to if young are present (Edgar, 1983, Godsell, et 
al., 1984). Thus bone material accumulates from both scat and 
meal debris. 
Lundelius (1966) fed captive Tiger Quolls for several days and 
collected and measured their faeces, removing all bone fragments. 
Unfortunately, he did not record the actual size range of the 
fragments, merely noting that they would be expected to be smaller 
than fragments from 
photographs in the 
assortment of bones" 
Tasmanian Devil scats. His accompanying 
1966 publication which show a "random 
from both Tasmanian Devil and Tiger Quoll 
scats are insufficient for estimating the actual size range of the 
fragments; however, the photographs do indicate that the fragment 
size ranges of scat bone from both species overlap. To resolve this 
question the author prepared a collection of Tiger Quoll scats. taken 
from the Featherdale Wildlife Park, Sydney, for analysis. The 
results are presented in appendix 2 of this thesis. What is clear 
from the analysis, is that although most fragments are smaller than 
scat fragments deposited by Tasmanian Devils, a signficant number 
of fragments overlap in size and appearance. On existing evidence 
it would be extremely difficult to distinguish between scat bone 
fragments or meal debris from Tiger Quolls and Tasmanian Devils. 
Owls were discounted by Hope et al. (1977) as possible 
predators at Seton on the basis that the identified prey composition 
and fragmentation reflected only mammalian carnivores. However, 
one raptor, the l\.1asked Owl, T. n. novaehollandiae, is quite capable 
of preying upon all the small to medium sized mammals identified 
in the deposit from Seton Rockshelter (Schodde and Mason, 1980). 
In the lower three units small mammals had an MN! estimate of 
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545 and medium sized mammals 203. This translates into 71 % and 
26% respectively of all identified species in the lower units. Thus 
97% of the identified mammalian prey in the three lower units fall 
within the prey range for Masked Owls. Although there is no 
history of the Masked Owl on Kangaroo Island it must be noted that 
Hope et al. (1977) found that 13 of the 34 identified species of 
avian fauna from Seton were unknown historically on the island. 
Furthermore, Blakers et al. (1984) whilst noting that the Masked 
Owl is historically sparse in coastal regions, also note that historical 
records are particularly poor as this bird is "rarely observed" and 
its "call often unrecognized" (Blakers et al., 1984:310). Parker 
(Parker, 1977) described distribution records of the Masked Owl in 
South Australia as in a "state of chaos" (Parker 1977:207). 
However, it could be argued that the condition of the post-
cranial remains in the deposit from Seton does not reflect the 
presence of ~1asked Owls. The post-cranial material was described 
by Hope et al. ( 1977) as highly fragmented, which is not usual in 
bone deposits associated with Masked Owls (Geering, 1990) 
(Chapter 5 this thesis). However, Hope et al. (1977) did not specify 
if all post-cranial remains, that is from both large and small 
mammals, were highly fragmented. The major limb bones from the 
majority of the small mammals identified at Seton measure less 
than the mean fragment length in the lower three units (25-27mm) 
even when complete. Thus if the term "highly fragmented" is 
applied because the majority of the material is between 25 and 
27mm, then it is possible that smaller limb bones are in fact 
complete. However, if the smaller mammal material is also highly 
fragmented throughout, this could be attributed to post-depositional 
events such as trampling by humans and large animals. 
Thus on the basis of prey composition there is sufficient 
evidence to at least suspect the presence of the Tiger Quoll and the 
Masked Owl, as active bone depositors at Seton. On the basis of 
bone fragmentation, there is sufficient evidence to suspect the Tiger 
Quoll but less evidence for the Masked Owl. In summary, the mean 
fragment size lengths attributed to the Tasmanian Devil by Hope et 
al. (1977) for the lower three units at Seton is best attributed to a 
combination of carnivores. 
4.3.3.2. Tooth marks and fragments 
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The evidence for modification to existing bone deposits by both 
Tiger Quolls and Tasmanian Devils at Seton has been discussed 
above. Thus the tooth-marks identified by Hope et al.( 1977) may 
equally well have been produced by Tiger Quolls as Tasmanian 
Devils. However, the lack of any descriptive analysis of the tooth-
marks or the overall condition of the material in question does not 
allow any further comment. 
4.3.3.3. Diversity of prey 
"Tasmanian Devils are well known to be scavengers 
of carnon rather than hunters." (Guiler, 1970). 
For this reason, a wide diversity of prey remams may 
accumulate in Tasmanian Devil deposits, including remains from 
that which they could not posssibly kill, such as large macropods. 
However, as noted in the discussion above, there is sufficient reason 
to suspect the active presence of both the Tiger Quoll and Masked 
Owl in the rockshelter. These two carnivores also prey upon small 
to medium sized fauna and the Tiger Quoll is known to scavenge 
carcasses of large animals (Edgar, 1983). Thus the diversity of 
species in the lower three units cannot solely be associated with 
Tasmanian Devils. 
4.3.3.4. The presence of Tasmanian Devils 
Remains of three mammalian carnivores were in fact identified 
m the lower three units; the Quoll, Tiger Quoll and Tasmanian Devil. 
The evidence for suspecting deposition and modification of bone by 
more than one carnivore throughout the lower three units at Seton 
has been discussed. On the basis of this evidence, the criteria 
proposed by Hope et al. (1977) for a Tasmanian Devil deposit (i.e., 
comparatively small fragments, tooth-marks, diversity of prey and 
carnivore remains) should more correctly be thought of as the 
criteria for a deposit accumulated by a variety of carnivores. 
4.3 .4. Human deposit 
4.3.4.1. Bone fragment length 
Firstly it must be re-stated that Unit I consisted mostly of large 
macropod remains whilst the lower three units consisted mostly of 
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small to medium sized mammals and birds and reptiles. As 
discussed earlier, a comparison of units with an unequal ratio of 
smaller to larger animals will naturally produce a longer mean 
fragment length m units consisting mostly of larger animals 
compared to the unit consisting of mostly smaller animals. 
However, more than this needs to be discussed in relation to 
fragmentation processes in the cultural deposits at Seton. 
Hope et al. (1977) identified two post-depositional bone 
fragmentation processes operating in the cultural units; Tasmanian 
Devils in the lower units and calcination in the upper cultural unit. 
Both processes were believed to have modified bone discarded by 
humans, resulting in different fragmentation lengths between the 
two cultural units. Neither process was believed to have operated 
in both units. This conclusion needs discussion in view of the 
presence of the Tasmanian Devil in the upper cultural unit. 
Subunit e of Unit l (the upper cultural unit) not only contained 
a hearth and most of the burnt bone but also a single identification 
of the Tasmanian Devil. A single identification may seem 
insignificant by comparison to the lower units at Seton, in which 
eight Tasmanian Devil bones were identified. However the fauna! 
deposit from Orchestra Shell Cave (\Vestern Australia) was 
attributed solely to activity by the Tasmanian Devil despite the total 
absence of this carnivore from the deposit (Archer, 1974 ). Thus 
numbers of identifiable remains alone are not necessarily a good 
indication. Although the lack of a wide diversity of species in this 
unit does not support the presence of Tasmanian Devils, this can be 
explained by viewing the devil more as a scavenger of human 
discard and less as a contributor of debris. 
Bone accumulated in Tasmanian Devils' dens is mainly from 
scats and to a negligible extent from meal debris (this will be 
discussed at length in Chapter 5 ). When scavenging from a site 
inhabited by humans the greatest impact of Tasmanian Devils is in 
removing and fragmenting human food debris. Thus, the wide 
diversity of species normally associated with Tasmanian Devil 
deposits is not found at a site where humans are not exploiting a 
diversity of species. There is sufficient reason to consider the 
Tasmanian Devil as an ongoing taphonomic agent at Seton, from 
subunit m in Unit IV to subunit e of Unit L It seems unlikely that 
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this agent suddenly ceased to be taphonomically active at subunit f 
of Unit II, despite its continued presence at the site. 
The fragmentation processes associated with Unit I were more 
varied than suggested by Hope et al. (1977); Tasmanian Devils, 
calcination, manufacturing of bone into artefacts and possible 
processing of bone for marrow. Thus a comparatively longer mean 
fragment length cannot be purely associated with a single activity. 
Furthermore, a longer mean fragment length is inevitable when 
large macropods dominate within the deposit. 
4.3.4.2. Burnt bone 
Observations and experiments dealing with the burning of bone 
in campfires and pit ovens have all demonstrated a direct 
assosciatton between the temperature to which bone is exposed 
and its resulting colour and surface damage (De Graaf, 1961, Clark, 
1982, Shipman, 1984, Gilchrist, 1986, David, 1990, Nicholson, l 990). 
From this information it can be stated that bone which is burnt to a 
calcined state reflects high temperature burning, which greatly 
exceeds temperatures reached by bushfires. Bone burnt merely to 
a blackened state reflects temperatures comparable to those 
achieved by bushfires (Walshe, 1987). Thus blackened bone, such 
as that associated with Unit III, is insufficient evidence for human 
occupation. Only the calcined bone from Unit I can be accepted as 
indicative of human occupation. 
4.3.4.3. Number of prey species 
The Western Grey Kangaroo Macropus fu/iginosus first appears 
m subunit j of Unit II. MNI estimates for this animal show an 
increase from five in Unit II to 13 in Unit I. Hope et al. (1977) 
interpreted this increase in numbers of \Vestern Greys as species 
targeting by the human inhabitants of the rockshelter. This 
appeared to parallel the situation in the lower cultural unit which 
was associated with large macropods. Lampert (Lampert, 1981) 
went so far as to suggest that Seton was used "largely, if not 
principally" as a camp from which to hunt large macropods. 
Lampert (1981) performed a chi-square test on the numbers of 
Western Greys in Unit I and Unit 2 which showed that a significant 
increase in population numbers had occured in Unit l. However, it 
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must be pointed out that evidence for a regional environmental 
change was found in Units 2 and 3. It was presumed by Hope et al. 
( 1977) that the demise of the largest macropods (St henurus c.f.g i lli 
and Macropus rufus) on Kangaroo Island coincided with the 
changing conditions. Curiously, Hope et al. (1977) did not also 
relate the increase in numbers of Western Grey Kangaroos at this 
same point in time to the changing environment. Western Grey 
Kangaroos are presently found in a variety of vegetation types 
across Southern Australia, and are best described as wide-ranging 
and highly adaptable. An alternative explanation is therefore that 
at a time when practically all other mammal, bird and reptile 
species had either disappeared or were vastly diminished rn 
numbers at Seton, the Western Grey by contrast was able to 
successfully exploit the changing environment and the decrease in 
herbivore competition and actually increase its presence in the area. 
These overall changes in the population dynamics of the local fauna 
would have lead to a heavier concentration by hunters (both 
humans and other predators) and scavengers on the fewer 
remaining animal species. Thus the increased presence of Western 
Grey remains in the rockshelter does not reflect targeting by human 
hunters of a favored species but rather a depleted choice of prey 
brought on by changing environmental conditions. 
4.3.5. Discussion 
The criteria for identifying a human occupation deposit, 
generated by the faunal material from Seton Rockshelter were; a 
comparatively longer mean fragmentation length, burnt bone and a 
concentration on large macropods. Of all these criteria, only 
calcined bone 1s potentially indicative of human occupation. 
The criteria for identifying a Tasmanian Devil deposit at Seton 
were; a comparatively shorter mean fragmentation length, tooth-
marks, wide diversity of prey and remains of the animal itself. All 
of these criteria were filled, but they were also found to be true for 
other carnivore deposits. Without a way of distinguishing between 
the same taphonomic effects by different carnivores it is not 
possible to single out individual carnivore deposits. 
4.3.6. Summary 
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The deposit from Seton Rockshelter appears to reflect 
deposition by at least Tasmanian Devils and Aborigines with 
sufficient evidence to also suspect Tiger Quolls and Owls. 
Methodological problems identified in the analysis of the Clogg's 
Cave assemblage are also found to occur in the analysis of the Seton 
assemblage- Aboriginal targetting of large mammal species; the 
existence of discrete predator horizons and dismissal of Aboriginal 
hunting of smaller species due to the absence of direct evidence. 
Furthermore, a very narrow range of fragmentation processes were 
focussed on rather than the wide range of possible processes 
suggeted in the material evidence. 
4. 4. Cave Bay Cave 
4.4.1. lntroduction 
Cave Bay Cave is situated on Hunter Island, the largest of the 
Hunter Island group in the Bass Strait. Archaeological sites on the 
Hunter Islands were originally located and described by Meston 
(1936). These sites were investigated in the early 1970.'s by S. 
Bowdler, who had decided to extend the archaeological research 
being undertaken in Tasmania at that time (Bowdler, l 979). In 
1973 she began excavations at four sites on Hunter Island, the 
largest site being Cave Bay Cave. 
The oldest date obtained for the Cave Bay Cave deposits was 
approximately 23,000 BP which was the first Pleistocene date from 
a Tasmanian site (Bowdler, 1979, 1984 ). At that time, Hunter 
Island was situated on the Bassian Plain, an exposed land bridge 
connecting Tasmania to southern Australia (Bowdler, 1979). 
Pleistocene occupation of the site was found to be intermittent but 
intensive (Bowdler, 1979, 1984). About 18,000 years ago, 
occupation was found to cease altogether, coinciding with the 
retreat of the sea, maximum cold and greatest aridity (Bowdler, 
1984 ). According to Bowdler, occupation recommenced 
approximately 8,000 years ago and continued until approximately 
4,000 years ago. Between 4,000-3,000 BP a largely sterile zone 
occurs in the deposit but from 3,000 BP the site was once again 
occupied until approximately 1000 B.P (Bowdler, 1979). 
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A total of five trenches and four test pits were dug within the 
cave. Five major stratigraphic units were eventually identified and 
linked across all of the trenches and test pits. The terms used by 
Bowdler (Bowdler, 1979, 1984) for these stratigraphic units were; 
the "Lower Pleistocene" (dated to more than 19.000 BP), the "Upper 
Pleistocene", the "Lower Midden" (lowest date at approximately 
7,100 BP), the "Sterile unit" and the "Upper Midden". The 
excavations varied in size and depth. Trenches ranged in area from 
Im x lm to 4m x 2m. The test pits ranged in area from Im x Im to 
3m x 0.5m. Trenches I and III extended down to the Upper 
Pleistocene unit whilst Trenches II, IV and V extended down to the 
Lower Pleistocene unit. One of the test pits reached down to the 
Upper Pleistocene, two the Sterile unit and one to the Upper Midden 
only. The lowest spit level reached in any of the excavations was 
spit number 30 in Pit V. Pit V not only extended the furthest but 
was found to provide the clearest example of the stratigraphic 
sequence. In fact; 
"This cutting contained the most complete evidence 
of the site's sequence, and was overall the richest in 
cultural remains; it represents the key trench for my 
analysis." (Bowdler, 1984:34 ). 
A continual problem throughout excavations was roof fall and 
this was one of the main determinants of excavation depth. 
Bowdler designated individual spits as either "archaeological", 
"part-archaeological" or "non-archaeological". Although it was never 
actually stated on what basis these classifications were made it can 
be inferred from the text that archaeological spits contained stone 
tools and/or shell and charcoal, part-archaeological spits contained 
hearths and non-archaeological spits contained no evidence for 
human occupation (Bowdler, 1979). 
These divisions were made principally to investigate the 
possibility of species clustering within spits. Bowdler (Bowdler, 
1979) had suspected that particular fauna! species may only occur 
within one of the spit classifications, thus providing evidence for 
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preferential hunting of these species by humans. 
was not the case, as MNI species estimates did 
divisions between spit types. 
However, this 
not display clear 
Spit classifications did demonstrate that no one stratigraphic 
unit contained only one spit type throughout. Thus, in order to 
perform comparative analyses Bowdler defined whole units as 
either archaeological or non-archaeological according to percieved 
general trends within the units. 
The Lower Pleistocene, Lower Midden and Upper Midden units 
were considered by Bowdler ( 1979) to be archaeological, The 
Upper Pleistocene and Sterile units were considered to be non-
archaeological. 
Approximately twenty kilograms of bone was excavated from 
the site. This was found to be mostly concentrated in 
archaeological units. particularly in the Lower Pleistocene unit. 
Most of the burnt bone was found in the archaeological units. 
Pademelon Thylogale billardierii remains were found throughout 
all units but appeared to be mostly in association with archeological 
spits. 
Small mammals were most abundant, by MN! estimates, in the 
Upper Pleistocene unit. The largest mammals were the Pademelon 
Thylogale billardierii and two species of unidentified wallaby 
Afacropus spp.. Pademelons were found throughout all units but 
Macropus spp. were restricted to the Lower Midden and Pleistocene 
units. Of the medium sized mammals, bandicoots were the most 
abundant throughout the deposit. 
4.4.2. Fauna/ analysis 
On the basis of species distributions, bone densities per unit 
volume and the condition of the bone material, Bowdler (Bowdler, 
1979) concluded that more than one predator had contributed to 
the fauna) deposit within the cave. She believed these predators to 
have been owls, Tasmanian Devils Sarcophilus harrisii and humans 
during the Pleistocene and humans and Peregrine Falcons Falco 
peregrinus during the Holocene. 
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Having found evidence for an array of predators contributing 
to the bone deposit, Bowdler concluded that " .. .little of the total bone 
deposit can readily be explained as having been accumulated by 
prehistoric man (sic)" ( 1979:162). Identifying and estimating the 
extent of bone accumulated by humans became the focus of 
Bowdler's analysis. Burnt bone and macropod remains were 
obvious elements and clearly identifiable in the archeological units. 
Bowdler felt however, that less obvious aspects of the macropod 
bone itself, such as fragmentation patterns and biases in skeletal 
element part, would elucidate the definition of a human deposit. 
Bowdler intuitively felt that the bone fragments from the site 
could be separated into two size classes. Bone from non-
archaeological spits appeared to be of a much smaller size range 
than bone from the archaeological spits, with only an occasional 
large piece. 
The Upper Pleistocene unit had only one spit level in which 
archaeological evidence (a hearth) was located (15H of Trench V). 
Every other spit level was void of artefacts, shell and charcoal. 
This unit was therefore classified by Bowdler as non-archaeological. 
Some bone fragments in this unit appeared to have distinctive chew 
marks. 
harrisii 
this unit 
together 
(1966) 
A single molar from both a Tasmanian devil Sarcophilus 
and a Tasmanian Tiger Thylacinus sp. were also located in 
(spits 14 and 15 respectively of Trench V). This evidence 
with evidence from Douglas, Kendrick and Merrilees 
and Guiler (I 964 ), led Bowdler to hypothesise that 
Tasmanian Devils had reduced the Upper Pleistocene unit bone to 
consistently small sizes. Unable to find reports of Tasmanian Tigers 
leaving bone deposits or inhabiting caves, Bowdler discounted 
Tasmanian Tigers as having been active at the site. She 
hypothesised that the Tasmanian Devil was solely responsible for 
chewing and reducing bone in the Upper Pleistocene unit. 
Ethno-historical accounts of Aboriginal cooking and butchering 
patterns cited by Bowdler (Plomley, 1966, Roth, 1899) did not 
record animal bone being deliberately reduced to small fragments. 
She hypothesised that humans leave bone " ... more intact, as he (sic) 
does not generally eat the bones themselves" (Bowdler, 1979:174), 
Bowdler further proposed that the bone from the archaeological 
layers (Lower Pleistocene and Lower and Upper Midden units) 
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would be equivalent to a "more intact" state, meaning, less 
fragmented due to the relative absence of carnivores such as the 
Tasmanian Devil. 
To test her hypotheses, Bowdler measured the maximum linear 
dimension of all mammal bone fragments (excluding the murids, 
Antichinus spp. and pigmy possums) from all layers. Although this 
approach parallels the aims and methodology of a size analysis for 
bone fragments underken by Hope, Edmonson, Smith and Van Tets 
(1977), Bowdler claimed that no "comparable quantitative data 
were available ... " (1979:174). 
The mean and standard deviation for length of bone fragments 
were calculated for each spit level in the Pleistocene units, where 
bone was far more abundant, and for each major stratigraphic 
horizon in the Midden units. Bone from each trench was kept 
separate. Two open midden sites on Hunter Island, Stockyard Site 
and Little Duck Bay, had also been excavated by Bowdler (1979). 
Bowdler believed these sites to be purely archaeological and could 
therefore provide a control sample with which to compare the Cave 
Bay Cave material. However after measuring the bone from the 
Stockyard Site Bowdler found that this material was in some ways 
"not directly comparable" (1979:174). Differences in chronology 
and species numbers and the absence of Macropus spp. from the 
open sites supported this view and thus no control sample was 
available. 
Bowdler (1979) found that the standard deviations calculated 
for each spit level in the non-archaeological Upper Plesitocene unit 
fell within a smaller range than those from the archaeological layers 
(Lower Pleistocene and Midden units) of Cave Bay Cave. This was 
particularly clear between the Lower and Upper Pleistocene units of 
Trench V. Bowdler (1979) does add however that "the actual 
means in both cases are not dissimilar". That is, bone fragments 
assumed by Bowdler to have been deposited by Tasmanian Devils 
shared a very similar mean length with the bone fragments 
assumed to have been deposited by humans. 
Each mean and its standard deviation were then expressed as a 
co-efficient of variation V. The value of V was used to demonstrate 
the "clear-cut" difference between an archaeological and a 
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Tasmanian Devil deposit. V was found to be consistently high in 
the archaeological layer (Lower Pleistocene unit) and consistently 
low in the non-archaeological layer (Upper Pleistocene unit). 
Bowdler does not give a value for V when she uses it to demarcate 
non-archaeological units from archaeological units. However, 
considering that the V values for the only assumed Tasmanian Devil 
deposit in the site range from 15.8 - 53.9, it could be assumed that 
54 is the upper limit of V for bone reduced by Tasmanian Devils at 
Cave Bay Cave. It can then be seen from Bowdler's (1979) data 
that the values in the archaeological units range from well below 54 
to well above: 20.9 - 221.6 for the Upper Midden; 34.4 - 293.7 for 
the Lower Midden and 8.6 - 126.8 for the Lower Pleistocene. In the 
Lower Pleistocene unit alone, 17 of a total of 26 V values (65%) fell 
below 54. Bowdler (1979) attributed some of these discrepancies 
to either the presence of a hearth or the small size of the sample 
measured. The large variation found in the Upper Midden was 
attributed to its lower 
archaeological content. 
numbers of larger mammals and lesser 
Bowdler concluded thus; 
"The results then of the bone measurements of larger 
mammals within the Pleistocene deposits reinforce the 
hypothesis that the main agent of accumulation of the 
bones besides man was Tasmanian devils, which reduced 
bone to more uniformly small pieces. The archaeological 
deposits are characterised by bone pieces of a greater size 
range"(Bowdler, 1979:177). 
However, the real outcome of the size analysis as represented 
in the co-efficients of variation is that a deposit assumed to have 
been accumulated by Tasmanian Devils shows consistently low 
values for the co-efficient of variation whilst archaeological deposits 
are not concentrated at one end of the spectrum but tend to vary 
considerably. As Bowdler's conclusion on mean fragment size 
lengths forms an important part of the overall understanding of 
what constitutes a human discard deposit, further discussion is 
necessary. 
69 
Bowdler presented two hypotheses which she considered were 
supported by the size analysis. Firstly, the bone in the Upper 
Pleistocene unit was reduced to consistently smaller fragments than 
that found elsewhere in the site. Secondly, bone from the Lower 
Pleistocene and Midden units was reduced to generally larger sized 
fragments than the bone from the Upper Pleistocene unit. From 
this Bowdler accepts as axiomatic the proposition that Tasmanian 
Devils had deposited the Upper Pleistocene bone and humans had 
deposited the remainder. 
It can be accepted that bone fragments from the Upper 
Pleistocene unit were of a consistently small size in comparison to 
bone from other units. But this does not in itself indicate activity 
by Tasmanian Devils. Certainly within the same unit there was one 
molar identified as being from a Tasmanian Devil and some bone 
fragments described as having chew marks. Bowdler presents this 
evidence and undescribed evidence from two published reports 
concerning Tasmanian Devils as absolute proof that these predators 
alone were responsible for the Upper Pleistocene deposit. Likewise, 
Bowdler presents archaeological evidence for human occupation in 
the Lower Pleistocene and Midden units as absolute proof that 
humans were solely responsible for the bone in these deposits. 
The number of identified small and medium sized mammals 
from Cave Bay Cave led Bowdler to suspect that owls had also 
contributed to the bone deposit during the Pleistocene. Bowdler 
acknowledged the suggestion by Wakefield (1964) that an 
abundance of murids indicated the presence of Barn Owls, whilst an 
abundance of bandicoots indicated the presence of Masked Owls. 
Cave Bay Cave contained "an abundance" of bandicoots in the 
Pleistocene units and Bowdler suggested that the Masked Owl "was 
the most likely candidate" (Bowdler, 1984:88). Curiously, however, 
having made this acknowledgment, she, in the end, did not accept 
that Masked Owls had in fact contributed anything but the smallest 
sized mammals to the Cave Bay Cave deposit: 
"While masked owls may take bandicoots, possums 
and rat kangaroos and devils may take rodents, I have 
arbitrarily chosen to allot all rodents, Antechinus and 
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Cercatetus , to owls as their prey, and all larger mammals 
to Tasmanian devils." (Bowdler, 1979:168). 
If Masked owls were inhabiting the cave during the 
Pleistocene, they would certainly have contributed bones of 
medium sized mammals to the deposit, as will be discussed rn 
Chapter 5 of this thesis. Medium-sized mammal bone deposited by 
Masked Owls is prone to post-depositional breakage due to 
deterioration at the epiphyseal ends as discussed above for Seton 
Rockshelter and in Chapter 5. Material in this condition would 
have been included in the size analysis performed on a supposed 
Tasmanian Devil deposit. The size range used to characterize a 
Tasmanian Devil deposit may in fact represent a deposit of mixed 
origins. 
Tasmanian Devils and Tasmanian Tigers were each represented 
by a single molar in the same time span at Cave Bay Cave. It was 
mostly a matter of, in Bowdler's words, convenience that she 
accepted the active presence of Tasmanian Devils and not of 
Tasmanian Tigers. Having done so, she does not accept that the 
former were present at any ·time except during the Upper 
Pleistocene. There are no records of Tasmanian Devils being 
present on Hunter Island or any other Bass Strait Island in 
historical times. It is presumed that they retreated before the hills 
of the Bassian plain became islands, a time associated with the 
Holocene Sterile unit of Cave Bay Cave. It is therefore possible 
that Tasmanian Devils were visiting the site over a much longer 
time span than acknowledged by Bowdler, i.e. from the Lower 
Pleistocene unit and into the Lower Midden unit. Apart from the 
single tooth the only evidence for Tasmanian Devils in the Upper 
Pleistocene unit are the "chew marks". Bowdler makes no mention 
of "chew marks" being present on bone from other units; however 
not all bone deposited by Tasmanian Devils exhibits marks 
associated with chewing (Cosgrove, et al., 199 and Appendix 4 of 
this thesis). This is due to the tendency of devils to boll large 
chunks of food rather than chewing or gnawing on it (Green, 1967, 
Buchmann, 1977). Evidence for human occupation in the units 
adjacent to the Upper Pleistocene (burnt bone, artefacts, charcoal 
and shell) was accepted by Bowdler as sufficient evidence to 
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exclude the presence of Tasmanian Devils. She does not discuss the 
possibility that Tasmanian Devils and humans may have 
simultaneously occupied the site with the former modifying human 
discard. Bowdler maintains that only a single taphonomic event 
occurred in any one unit of the Cave Bay Cave sequence: 
"A site such as this differs from an open midden site 
in that human use of the site is more likely to have 
alternated with that of other predators " (Bowdler 
1979:156). 
Breaking bone for marrow and manufacturing bone into 
artefacts are human modification processes affecting bone prior to 
deposition. Scavenging by carnivores, burning of surface material, 
treadage and roof fall are post-depositional modification processes 
affecting bone deposits. However, Bowdler has assumed that only 
single events modified any one deposit at Cave Bay Cave. The 
results of the size analysis cannot be considered to reflect single 
taphonomic events but must be taken as reflecting a number of 
varied taphonomic events. 
It was discussed previously that values of less than 54 for V, 
the co-efficient of variation, were associated with the deposit 
assumed to have been accumulated by Tasmanian Devils at Cave 
Bay Cave. However low values for V were also associated with 
other taphonomic events. 
In a hearth located in Spit !SH (Trench V, Cpper Pleistocene) V 
had a value of 25.6. In another hearth, located in spit l 9H (Trench 
V, Lower Pleistocene), V had a value of 36.6. Spit 27 (Trench V, 
Lower Pleistocene) 
and here V was 55. 
was associated with an extensive hearth deposit 
Spit 22B (Trench V, Lower Pleistocene) had the 
highest concentration by weight of burnt bone (23. I%) and four 
pieces of invasively flaked and burnt bone. The value for V here 
was 64. A bone point was located in spit 13 (Trench II, Lower 
Pleistocene) and here V was 33. Another bone point in spit 18 
(Trench JV, Lower Pleistocene) was associated with a value V of 34. 
72 
The processes of burning (which will be further discussed in 
Chapter 6 of this thesis) and artefact manufacturing are known to 
reduce 
Cave. 
the size of bone fragments; both were recorded at Cave Bay 
Other reductive events not recorded for the site but possible 
within any archaeological cave site are the processing of bone to 
obtain marrow, scavenging of human discard by carnivores and 
treadage by humans and animals. In order to simplify the analysis 
Bowdler assumed that the whole site was "taphonomically inert" 
(Bowdler, 1979: 102). This is highly unlikely. Bone discarded by 
humans is very likely to undergo post-depositional taphonomic 
events. Furthermore the larger mammal bone in the Pleistocene 
deposits were unlikely to have been accumulated by one agency 
only. Masked Owls, Tasmanian Devils and humans are all likely to 
have played a role throughout all of the Pleistocene deposits. It 
cannot be accepted that only one fragmentation process by either 
Tasmanian Devils or humans in each unit resulted in the different 
bone size ranges recorded for these deposits. 
Bowdler suggested that the Pademelon Thylogale billardierii 
identified at the site appeared to be a "likely human resource" 
(Bowdler, 1979:161) in the Holocene unit. Support for this 
suggestion was found in spit 8 of Trench I, X24 (Lower Midden unit) 
which contained five Pademelons in association with "a pebble 
chopper, four bone artefacts ... and quite a lot of charcoal and shells". 
(Bowdler, 1984:32). 
Macropus spp. (two species of wallaby were identified from the 
material by J. Hope but were not separated for MNI estimates) 
appear throughout the Pleistocene and Lower Midden units at the 
site. Distribution by MNI estimates indicated a greater presence of 
these animals in the non-archaeological layers than in the 
archaeological layers. Thus Macropus spp. were not considered by 
Bowdler to be an "important human food resource" (Bowdler, 
1984:65). However Macropus spp. were the most abundant and 
the largest animals represented in the Pleistocene units. For these 
reasons Macropus spp. bones and not those of Pademelons, were 
used by Bowdler in an attempt to gain some information about 
prehistoric butchering patterns. 
The numbers of post-cranial elements of Macropus spp. in the 
archaeological Lower Pleistocene unit were compared with the 
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numbers of the same elements in the non-archaeological Upper 
Pleistocene unit. This comparison involved Trench V only. Very 
few bones were complete, but of those which were identifiable ten 
elements were selected and counted in both units. Chi square tests 
demonstrated that four of these ten elements "differed in a 
statisically significant way" (Bowdler 1979: 178) between the upper 
and lower Pleistocene units. The four elements were the calcanei, 
astraguli, pelves and fibulae. 
Bowdler next selected a "typical" archaeological and a "typical" 
non-archeological spit from the lower and upper Pleistocene units 
respectively. Spit 22, in the lower unit, contained mostly burnt 
bone and spit 17 in the upper unit, contained bone with "chew 
marks". Both spits contained large amounts of post-cranial 
Macropus spp. bone. These then provided the basis for a more 
detailed companson of archaeological and non-archaeological 
evidence. 
The non-archaeological spit 17 was found to contain a larger 
number of identifiable vertebrae elements. The archaeological spit 
22 contained a larger number of identifiable rib elements. Bowdler 
suggested that ribs may have been chewed up "rendedng them 
unrecognisable" in spit 17 but could offer no explanation for the 
comparative lack of vertebrae in spit 22. 
The ankle bones did not differ between these two spits as 
found previously between the two complete units. However there 
did appear to be a difference in the total numbers of "foot bones" 
between the two spits. Bowdler counted the identifiable fragments 
of the metatarsal IV, metatarsal V, astragalus, calcaneum, cuboid, 
phalanx and terminal phalanx and found that spit 17 contained 72 
elements whilst spit 22 contained 34. Thus the non-archaeological 
unit contained 72 identifiable foot bone and the archaeological unit 
contained 34 identifiable foot-bones. However it must be pointed 
out that a wallaby hind foot consists of 23 individual bones 
(Hopwood, 1990). Thus the difference between one spit containing 
72 bones and another containing 34 is equivalent to fewer bones 
than found in the hind feet of a single wallaby. Nevertheless, 
Bowdler attempted to show that this difference reflected the 
butchering practices of humans and the consumption practices of 
Tasmanian Devils. 
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Numbers of identifiable skeletal elements were also obtained 
from one of the open midden sites on Hunter Island, the Stockyard 
Site. This data showed a similar under-representation of foot 
bones when compared to the MNI number as found in spit 22. 
However it must be remembered that Bowdler herself stated that 
this site was not comparable to Cave Bay Cave because of 
differences in chronology, species numbers and the absence of 
Macropus spp. from the site. The post-cranial data from the 
Stockyard Site used by Bowdler referred only to Pademelon 
remains. Despite this Bowdler used the data from the Stockyard 
midden site and from the archaeological Pleistocene unit of Cave 
Bay Cave to suggest that 
" .. .it is very likely that man hunting wallaby cuts 
their feet off before bringing them back to camp." 
(Bowdler, 1979: 185). 
4.4.3. Discussion 
Maintaining consistency when identifying bone fragments is 
difficult. Fragmented pieces of articulating surfaces or fragments 
with muscle attachment scars are much easier to identify than 
fragments with no recognisable characteristics. Thus when 
comparing numbers of identified elements from different deposits 
the basis for identification should be made clear. Bowdler does not 
reveal her methods of identification for the fragmented material 
from the Pleistocene deposits. However, accepting Bowdler's 
numbers for identified elements from spits 17 and 22, certain 
points need to be made. 
Looking at the numbers of inidividual foot bones, it can be seen 
that the number of metatarsal IV elements in spit 17 is equal to 
that in spit 22, both being 5. The number of calcanei in spit 17 is 6 
whilst those in spit 22 numbered 5. Thus t.here is no statistical 
difference between the archaeological and non-archaeological units 
for these elements. It would be unusual, if not physically 
impossible, to remove all of the hind foot bones except the 
calcaneum and metatarsal JV. 
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It was noted that most of the bones in spit 22 were burnt. 
Burning causes cracking and splitting along shaft areas (Shipman, et 
al., 1981) which can result in extensive fragmentation. In the Cave 
Bay Cave excavation a 5 mm sieve was used to extract the fauna! 
material from the excavated sediment. Small bones which have 
fragmented would not have been retained in a predictable and 
consistent manner by a 5 mm mesh and this might have distorted 
the results of the analysis. 
The elements which were found to differ significantly between 
the Pleistocene units as a whole were not found to differ 
significantly between spits 17 and 22. This inconsistency again 
implies that more than one taphonomic event was occurring 
throughout each unit, as discussed previously. These taphonomic 
events would not have acted equally throughout thus producing 
differing results per spit layer. 
Referring to an undated archival manuscript (Mollison, n.d.) 
Bowdler reported that Tasmanian Devils had been observed 
attacking snared wallabies in the Florentine Valley of Tasmania. 
They were seen to first eat the tails, feet, ears and testicles. The 
Tasmanian Devils would then return over two or three nights until 
the enire animal had been consumed. From this information 
Bowdler suggested that Tasmanian Devils would similarly attack 
disabled animals in the wild. eating the foot and tail bones first. 
These bones would then "accumulate more rapidly than other 
bones" (Bowdler, 1979:185) in a den. so explaining the "over-
representation" of foot bones in the non-archaeological unit. 
More recent studies of Tasmanian Devils (Guiler, 1970, Green, 
1967) have revealed that a number of devils usually feed together 
on the one carcass and the larger the carcass the more devils which 
would feed together. This means that an over-representation of 
feet and tail bones at the site would only be achieved if; 
1. Only some of the feeding pack consumed the feet and tail 
bones. 
2. Only these particular Tasmanian devils inhabited Cave Bay 
Cave. 
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3. These same devils refrained from excreting feet and tail 
bones anywhere except at Cave Bay Cave. 
If it is lone devils who are chancing upon disabled macropods 
in the bush a similar argument to the above holds. In order to 
achieve a disproportionate number of feet and tail bones this lone 
devil, after consuming feet and tail bones must inhabit the site until 
these bones are excreted. Then it may return to finish consuming 
the macropod. Having done so, it must make only occasional visits 
to Cave Bay Cave, thus producing a faster rate of accumulation for 
feet and tail bones. 
Furthermore it must be pointed out that in the end, the whole 
wallaby is consumed. Green (1967) also observed a snare line put 
out by professional wallaby trappers. Tasmanian Devils were 
apparently feeding on the snared animals. Once finished, 
"The only evidence of the catch would be a sprung 
snare, trampled vegetation and perhaps an odd wallaby 
tooth and a little fur." (Green, 1967 :8). 
The suggestions put forward by Bowdler to explain the 
apparent difference in numbers of foot bones from an 
archaeological and a non-archaeological spit do not hold. Once 
again, only a single taphonomic event has been assumed to occur in 
each spit. Thus, modifications to the bone material have been 
recognised by Bowdler but her explanations of their causes cannot 
be substantiated. 
Bowdler also attempted to classify the edges of fractures on 
Macropus spp. long bone shafts. Identifiable tibiae and femora 
shafts (none of which had ends) were selected from spits 17 and 22 
of Trench V. Spit 17 (non-archaeological) contained only one 
complete and no incomplete shafts. Spit 22 (archaeological) 
contained 13 complete and 6 incomplete shafts. Bowdler's 
classification was based "'partly" on work by Sadek-Kooros (1972) 
with what she describes as "not particularly objective criteria". 
Shafts were classified according to their completeness and the angle 
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and length of their fracture edge. However the analysis lacks 
clarity. The terms used to describe "different" fracture edges are 
combined in apparently endless permutations and no clear evidence 
is provided for Bowdler's concluding statement that, "The 
archaeological long bones seem to have been fractured in a repeated 
and recognisable way ... " (Bowdler 1979: 183 ). Further, the 
remainder of her statement, that, " ... every non-archaeological layer 
contained one long bone which could lose itself in an archaeological 
assemblage" (1979: 183), is peculiar considering that only one non-
archaeological spit layer was analysed and this contained only one 
cyclindrical shaft. 
Shaft fragments of Macropus spp. tibiae and femorae from spits 
17 and 22 (in Trench V) were also analysed. Spit 17 contained 19 
fragments and spit 22 contained 76 fragments. These fragments 
were measured for length and breadth. Length to breadth ratios 
were then calculated and graphed. No discussion of the analysis 
was presented by Bowdler; she considered that the graph alone 
adequately displayed the fact that, "The archaeological fragments 
can be thus shown to be more sliver-like than those from the non-
archaeological layer" (Bowdler 1979: 183). 
However, it is by no means obvious from the graph that the 
fragments from the archaeological spit are "more sliver-like". The 
X axis is labelled "frequency" but because the sample sizes are very 
unequal a comparison of frequency is misleading. The fact that the 
graph is wrongly labelled as Breadth :Length rather than 
Length:Breadth on its Y axis (in the 1979 dissertation and in the 
1984 publication) certainly adds to the confusion. Furthermore, as 
Cosgrove and Marshall (1990) pointed out, it is doubtful wether 
Bowdler's sample size from spits 17 and 22 was sufficiently large 
for such a comparison. 
Bowdler (1979) sums up the "main observable difference" 
between the archaeological and non-archaeological spits as: 
• the non-archaeological spit 17 contained; unburnt bone, 
bone with chew marks, more foot bones, more vertebrae, 
more long bone ends and epiphyses and long bone shaft 
fragments which were "squarer"; 
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• the archaeological spit 22 contained; burnt bone, no bone 
with chew marks, more ribs, more long bone shafts and 
long bone shaft fragments which were more "sliver-like". 
4.4.4. Summary 
The reasons suggested by Bowdler to explain the phenomena of 
the foot and vertebrae bones are invalid. The description of the 
long bone shaft fragments was found to be unsubstantiated. While 
all of the "observable differences" noted by Bowdler are real, this 
does not automatically imply that it is real for every other spit 
layer in every other trench at Cave Bay Cave. It applies only to a 
very specific and disproportionate sample from a small section of 
the entire site. How reflective these "differences" are of the whole 
site remains unknown. More importantly these "differences" 
certainly cannot be generalised to other cave sites. Once again the 
only evidence which clearly defines a human deposit is burnt bone, 
and prior to burning this bone may have been originally deposited 
or modified by non-human carnivores and scavengers. 
A large part of the overall problem has been Bowdler's method 
of combining recognised archaeological and non-archaeological spits 
into single units on the basis of a perceived general trend: Thus 
some spits within each unit may not in themselves reflect the 
general trend of that unit and this distorts the overall results from 
each unit. 
As in the earlier analyses of bone from Clogg's Cave and Seton 
Rockshelter it has been assumed in this analysis that discrete 
predator horizons can be identified and form the basis of a 
comparative analysis aimed at describing human-modified bone. 
4.5. Devil's Lair 
4.5.1. Introduction 
Devil's Lair is one of several hundred caves in the south-west 
corner of Western Australia between Cape Naturaliste and Cape 
Leeuwin. Fauna! material from Devil's Lair was first collected from 
a small-scale excavation in the rockshelter by E. Lundelius in 1955 
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(Dortch, 1971). This material contained Tasmanian Devil 
Sarcophilus harrisii teeth, and coprolites of Tasmanian Devils were 
also later identified in association with remains of animals which 
fell into the known range of Tasmanian Devil prey (Lundelius, 
1963). This evidence was taken to indicate a Tasmanian Devil den 
deposit, hence the name "Devil's Lair". In 1970 Dortch and 
Merrilees (1971) excavated around Lundelius's original collection 
area for evidence of human occupation. Although stone and bone 
artefacts and charred bone were discovered amongst a large 
quantity of faunal material, the researchers considered it possible 
that the archaeological material may have washed into the cave and 
mixed with fauna! deposits. However, the finding of a hearth 
during a second excavation in 1972 finally established absolute 
evidence for human occupation of the cave floor (Dortch and 
Merrilees, 1973). 
The excavation of further hearths, charred bone, stone and 
bone artefacts and previously undiscovered mussel shell soon 
followed, all of which implied a human occupation site and not 
merely a carnivore's lair (Dortch and Merrilees, 1973; Dortch, 1974). 
Full details of the excavation sequences have been provided by 
Dortch and Merrilees (1971, 1973), Dortch (1974), Baynes, Merrilees 
and Porter (1975) and Balme, Merrilees and Porter (1978) and need 
not be repeated here. Suffice to say that all excavations were 
extensive, some trenches reaching a depth of 660cm, and a vast 
amount of vertebrate fauna! material was collected for analysis. 
Approximately thirty dates were obtained for the site, ranging 
form 37 ,000 years BP to about 300 years BP (Dortch, 1984) 
Although chronological anomalies were identified with the dating, it 
was believed that 
" ... despite these problems, the Devil·s Lair 
radiocarbon dates are on the whole consistent with the 
stratigraphy and provide a broad picture of the time 
range over which the deposit accumulated." (Dortch, 
1984:41). 
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Despite the 35,000 year old date for the site, extinct fauna 
were not initially identified by Dortch and Merrilees ( 1971) in the 
original excavation material. Later, tentative identifications of 
extinct large macropods (Sthenurus, Zygomaturus and 
Protemnodon) and the extinct wombat (Vombatus hacketii) were 
made (Balme et al., 1978). Although these were found in 
association with artefacts, the researchers at that time felt quite 
strongly that reworking of older deposits had created an artificial 
association (Balme et al., 1978). 
4.5.2. Fauna/ analysis 
Successive groups of researchers analysed the faun al material 
and all agreed that it was rich in quantity and numbers of species 
and well preserved, although highly fragmented (Dortch and 
Merrilees, 1971; Baynes et al., 1975; Balme et al., 1978). 
Fragmentation was seen by all researchers as having resulted from 
the presence of one or more carnivores at the site and the problems 
of gauging the extent of human discard had been fully recognised 
from the outset (Dortch and Merrilees, 1971, 1973). Furthermore, 
"evidence for likely human prey species represented in the deposit" 
seemed to Dortch as "usually lacking" (Dortch, 1979:272). These 
problems with the material remained throughout ten years of 
intensive research. 
Different opinions were held by the succesive researchers on 
which species of carnivore or carnivores had predominantly been 
present and to what extent carnivore modification had affected 
and/or contributed to the human deposit. It can be generally 
stated however, that Tasmanian Devils were considered by all 
researchers to have been the principal non-human bone modifier at 
the site. 
Dortch and Merrilees (1971, 1973) suggested that Masked Owls 
Tyto novaehollandiae novaehollandiae as well as Tasmanian Devils 
had contributed to the bone deposit. Small mammal remains were 
found to predominate in the lower parts of the deposit and, as 
discussed above, remains of Tasmanian Devils and coprolites 
thought to be from Tasmanian Devils were found throughout most 
parts of the deposit. However, the presence of burnt bone and large 
mammal remains, as well as approximately one hundred apparent 
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bone artefacts from the original excavation strongly indicated to 
Dortch and Merrilees (1971, 1973) that some of the faun al material 
must have been deposited by humans. Furthermore, they 
suggested that remains of Tasmanian Devils in the deposit may 
have resulted from them having been hunted, cooked and eaten by 
humans occupying the cave. 
It should be noted that although Tasmanian Devil remains can 
also occur in their own scats as a resull of their eating carrion or 
from adult males cannibalising young males (Guiler, 1964, 1970), 
this was not suggested by Dortch and Merrilees (1971). 
Dortch and Merrilees (1971) suggested intermittent use of the 
cave by Tasmanian Devils and humans. They believed that humans 
had initially broken up bone (particularly femurs for marrow 
extraction), which was consequently scavenged by Tasmanian 
Devils. They also suggested that treadage in the cave by both 
humans and animals may have caused further comminution of the 
bone. 
The difficulty of distinguishing discard by humans from that of 
Tasmanian Devils, and of identifying secondary modification of 
human discard by Tasmanian Devils was not resolved by Dortch and 
Merrilees (1971, 1973), who harboured few illusions about the 
difficulty of this task: "It might not be easy to choose between 
these alternatives even after large scale, systematic excavation of 
the deposit" (Dortch and Merrilees, 1971: 112). Dortch (1974) 
stated that uncertainties existed about very small fragments or 
splinters of bone, which could represent debitage from artefact 
manufacturing, butchering, breaking bones whilst eating or remains 
of prey left by predators visiting the cave when it was unoccupied 
by humans. 
Baynes, Merrilees and Porter (1975) introduced a shift in the 
focus of the faunal analysis to incorporate the fauna! succession. 
This was later extended by Balme, Merrilees and Porter (1978), who 
used the fauna! evidence to hypothesise a large scale climatic and 
environmental change at Devil's Lair approximately 25,000 years 
BP. However, as it is the origins of the bone deposit which is of 
greatest concern in this discussion, the fauna! succesion at the site 
will not be elaborated upon. 
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Contrary to Dortch and Merrilees (1971), Baynes et al. (1975) 
considered the small mammal component of the deposit to be 
insignificant in comparison to known owl deposits from other cave 
sites (Archer and Baynes, 1972). For similar reasons, small 
Dasyurids were also discounted as bone depositors at Devil's Lair. 
Baynes et al. ( 1975) believed that principally humans and 
Tasmanian Devils had co-existed at the site, both breaking and 
depositing bone. They also supported an earlier suggestion by 
Dortch and Merrilees (1971) that Tasmanian Devils may have 
played the role which dogs later came to have in Aboriginal camps. 
Furthermore, they agreed that Tasmanian Devils had possibly 
caused secondary modification to bone initially discarded by 
humans. 
However, on the basis of charred bone, a wide range of prey 
species and an apparent bias in the numbers of skeletal elements 
derived from Western Grey Kangaroos M. fuliginosus. Baynes et al. 
believed that the bone sample from the site 
"in the mam represents the leavings. of human beings 
but that other predators may have contributed remains of 
their own prey or modified the human refuse." (Baynes 
et. al. 1975:103). 
The apparent bias in the numbers of grey kangaroos was 
demonstrated by a significant difference between the expected 
numbers of some skeletal elements, according to MNI estimates of 
Western Grey Kangaroos and the actual numbers of those skeletal 
elements. This was found to be most striking in the actual numbers 
of lower incisors (1) compared to the expected number based on 
MNI estimates (17). The suggestion that lower incisors had been 
selectively removed was later fully investigated by Balme (J 979). 
Balme ( 1979) upgraded the MNI estimates for Western Greys from 
the site to 98, from which an expectation of 196 lower incisors was 
calculated. Only seven lower incisors were identified and this was 
found to be a statistically significant difference. On the basis of 
ethnographic information, Balme (1979) suggested that Macropod 
83 
lower incisors had been removed for use as either tools or 
ornaments. It was not stated if the analysis included identification 
of fragments of incisor or only complete incisors. 
Having found reason to suspect that a large percentage of the 
fauna! material had been desposited solely by humans, Baynes et al. 
(1975) found certain aspects of the condition of the bone difficult to 
explain. Baynes et al. (1975) presumed that some bones would be 
broken by humans for marrow but felt that this was insufficient to 
explain why practically all bones in the sample were extremely 
fragmented. They could only suggest that perhaps carcasses had 
been pounded prior to cooking in the manner described by Gould 
(Gould, 1967) for the Western Desert Aborigines. 
Furthermore, the observed rounding and smoothing of what 
must have originally been jagged fracture edges was inconsistent 
with the known range of human modification. Baynes et al. (l 975) 
suggested that possibly bone fragments had undergone handling 
and use by humans, trampling on the sandy sediment in the cave or 
passage through the gut of Tasmanian Devils. 
However, despite the inconsistent condition of the bone and 
having themselves recognised the presence of both humans and 
Tasmanian Devils at the site, Baynes et al. (1975) decided to assume 
that all of the bone from the excavations was human discard. This 
enabled meat weights to be calculated from MN! estimates, which in 
turn gave estimates of the numbers of people, meals eaten and days 
spent in the cave. 
From 1973 to 1976, new trenches were excavated adjacent to 
the original ones by Dortch and Merrilees, in order to avoid the 
problem of re-worked material which had been encountered in the 
earlier excavations (Balme, 1978) Balme et. al. (1978) produced a 
"stratigraphically more finely divided sample, larger sample size 
(and) improved methods of quantifying results ... " (Balme et. al., 
1978:33). However, some mixing of older and younger deposits 
was initially suspected when large mammal remains were found in 
deposits believed to have been accumulated by Owls. 
In obtaining a new sample it was also hoped that a more 
enlightened approach could be developed to recognise fauna! 
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remains which constituted the discarded bone from meals eaten by 
humans. A large part of the analysis by Bal me et. al. ( 1978) was 
also directed towards expanding the earlier investigation into fauna! 
succession in Devil's Lair, begun by Baynes et al. (1975) It was 
anticipated that greater evidence for localised and wider 
palaeoenvironrnental changes would be found. 
Balme et al. recognised that a very slow rate of deposition had 
occurred in the lowest layers, thus giving ample opportunity for 
cave floors to be exposed for 
"years, decades or even centuries, to the effects of 
sporadic visits by small groups of human beings ... and 
perhaps more frequent visits by other animals .. .including 
Tasmanian Devils and Owls. Even without actual digging 
or burrowing there must have been extensive disturbance 
to the cave floor surfaces before the next burst of 
sedimentation buried and to some extent protected them." 
(Balme et al., 1978:38). 
An exhaustive list of 23 possible bird, mammal and reptile 
predators inhabiting the cave was presented by Balme el al. (1978). 
This number was narrowed down by taking into account the 
condition of the prey bone at the site and the range of prey species 
evident, and by assuming that some predators were improbable 
(e.g. frogs). It was eventually concluded that Owls had been present 
in the lowest layers and Tasmanian Devils and humans in the upper 
layers. 
In the lower layers of the new sample Balme et. al. (1978) 
found an increase in the ratio of smaller to larger mammals and an 
increase in the numbers of complete limb bones. This supported 
the earlier suggestion by Dortch and Merri lees ( 197 l) that Owls 
were responsible for some of the bone in the lower layers of the 
deposit, i.e. from 35-30,000 BP 
The presence of some large mammal remains in the suspected 
owl deposits was suggested by Balme et. al. (1978) to have resulted 
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from owls taking juvenile macropods plus some mixing of upper 
and lower deposits. Balme (1980) later amended this to suggest 
that large mammals had entered the cave through accidental falls, 
as it was believed that the cave entrance 30,000 years ago would 
have precluded large mammals. However, no evidence for a pit-fall 
entrance into the cave could be found. Bal me et al. ( 1978) did not 
suggest that Tasmanian Devils or any other mammalian carnivore, 
could have been responsible for the large mammal remains in the 
lowest layers. Furthermore, they believed that unlike the later 
deposits, these lowest layers had not been re-worked by Tasmanian 
Devils. This is curious considering their very firm belief that a total 
lack of evidence for Thylacoleo and dingoes and very little evidence 
for Thylacines in the material could not be taken to indicate the 
absence of these carnivores from the area. 
Balme et. al. ( 1978) considered that bone deposits in varying 
degrees of fragmentation had been laid down in the cave by a 
carnivore succession of Owls, humans and Tasmanian Devils. They 
suggested that humans fragmented bone during the "cooking and 
eating process" but discarded "largely unbroken bones" which were 
converted into smaller fragments by Tasmanian Devils. 
Fragmentation of prey bone during the eating process by Western 
Desert Aborigines had been observed by field workers; 
"\Vestern Desert Aborigines at the present day 
commonly crack up and chew quite large bones such as 
those of kangaroos, emus and goats and seem to swallow 
quite large pieces (perhaps up to 3cm long and l .5cm 
wide). Bones of small animals such as rabbits or goannas 
are commonly chewed into small pieces and swallowed 
with the meat" (J. E. Stanton, quoted in Balme et al., 
1978:52) 
Although unstated, the use of this information can only suggest 
that humans may have been defecating bone fragments within or 
close to the living area and not chewing bone up and spitting it out. 
In order to build up a deposit of humanly defecated bone, this 
86 
activity would need to be on a regular basis. 
tooth marks or digestive damage was found 
As, no evidence for 
on the material from 
Devil's Lair, it is difficult to make distinctions between bone 
ingested by humans and other carnivores. 
Balme et al. (1978) reiterated the earlier suggestion by Dortch 
and Merrilees (1971, 1973) that humans and Tasmanian Devils may 
have lived in close proximity and both regularly impressed their 
special characteristics on bone accumulations. Balme et. al. (1978) 
also considered that Tasmanian Devils had contributed bones of 
their own prey to the site. Balme ( 1980) later suggested that 
Thylacines had also contributed their prey bones to the deposit. 
However, although recognising a greater role for the non-human 
carnivores at the site than that proposed by Baynes et al. (1975), 
they eventually concluded that during the time which humans were 
believed to have intermittently occupied the cave, (i.e. from 27 ,000-
6,000 years ago "it is probable that most of the bone material from 
that part of the deposit represents prey of human hunters." (Bal me, 
1979:229). However, this statement must be placed against the 
later comment by Balme that at Devil's Lair "So far, no method has 
been described for distinguishing between bones accumulated in 
different ways" Balme (1980:81). It was largely because of this 
seemingly insurmountable problem that the focus of analyses 
turned to the charred bone and large mammal remains in the site, 
which had quickly been recognised as the only aspects of the 
material which could potentially be assigned to human activity 
alone. These were fully investigated by Balme (1979, 1980). 
Dortch and Merrilees (1971) had suggested that some bone 
may have been burnt in bushfires and then washed into the cave. 
In order to determine its likely origin, a thorough analysis of the 
charred material from two trenches was undertaken by Balme 
(1980b). Taking into account that a very small quantity of charred 
bone fragments and stone artefacts had been excavated from Skull 
Cave, which was later interpreted as a non-archaeological site 
(Porter, 1979) Bal me (l 980b ). initially investigated the statistical 
significance between artefacts per litre and charred bone per litre 
of excavation material from Devil's Lair. 
Balme (l 980b). demonstrated that a statistically significant 
correlation did exist between artefacts and charred bone per litre of 
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excavation material. She also found a higher concentration of 
charred bone in layers containing hearths which directly linked 
burning to human activity. 
Balme (1980b) suggested that the bone may have become 
charred by the same processes proposed earlier by Archer (1977) 
for burnt bone from Puntutjarpa Rockshelter, Western Australia; ie 
the lighting of campfires on existing debris or discarding bone into a 
campfire. 
Bahne concluded that "most if not all of the charred bone in 
Devil's Lair is the result of human activities" (Balme, I980b:83). 
This is a rather ambiguous statement which could be interpreted as 
implying either that charring is an indication of human activity, or 
that most or all charred bone represents prey taken by humans 
alone. Considering that the possibilities of Tasmanian Devils and 
Thylacines contributing prey bones to the deposit and of campfires 
having been lit on old debris had been recognised by Balme ( 1978, 
l 980a, 1 980b ), presumably the former interpretation is correct. 
However, an earlier comment by Dortch (1979) does in fact support 
the latter interpretation: 
" ... it seems reasonable to assume that any animals 
which are likely to have been eaten or used and whose 
remains are found rn undisturbed hearths can be 
regarded as human prey, even if the remains found show 
no signs of modification (flaking, charring etc.)." (Dortch, 
1979:273). 
Unfortunately the situation is not made any clearer by a 
further comment from Dortch (1979) that; "it would be misleading 
to imply that all of the animals listed for the Devil's Lair hearths 
were human prey ... " (Dortch, 1979:273). This was reproduced by 
Balme in a slightly altered form; "It is unlikely that only charred 
bone represents the remains of human's meals" (Balme, I 980b:83 ). 
To clarify, Balme (1980b) can be understood to mean that charring 
is associated with human activity but not all and not only charred 
bone represents human prey. 
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Balme (1980b) also found that the percentage of identifiable 
remains of charred individuals increased with body size, i.e. there 
was a higher concentration of burnt bone amongst remains of larger 
mammals than amongst smaller mammals. Balme did not believe 
this merely demonstrated selective destruction of smaller bone but 
interpreted it as a reflection of food preferences by humans. This 
implies that discard from species most likely to be hunted by 
humans was more likely to be burnt. For example, from her data, 
16% of the estimated 98 Western Grey Kangaroos in the material 
had some burning compared to only 3% of the 147 Bandicoots. 
However, some medium sized animals are anomalous to the 
perceived pattern. Potoroos were present in sizeable numbers 
throughout the excavation (MNI = 118) but only a number were 
charred (2% ). This supported Balme's belief that smaller bones 
were not being selectively destroyed but did not support the 
hypothesis regarding body size and percentage of charred remains. 
As explanation Balme (1980b) suggested that Potoroos had been 
brought into the cave by other predators and were therefore far 
less likely to be burnt. However, this does not take into account 
Balme's original suggestion that charring may occur as a result of 
lighting fires upon old debris. 
Balme continues this part of the analysis by stating: 
"The fact that many layers contain big samples of 
medium and larger mammals but few artifacts and no 
charred bone, suggests that the charred bone percentages 
are related to food preferences rather than selective 
destruction." (Balme, l 980b:83). 
She follows this with the conclusion that the apparent increase 
rn the percentage of charred remains for large mammals reflects a 
trend toward big game hunting. 
This part of the analysis is far from clear and a number of 
issues vital to the interpretation of the data were not discussed. 
Firstly, the method for identifying material to species level was not 
outlined. This is extremely important considering the burnt and 
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highly fragmented nature of the material: identifications of 
incomplete and burnt material can be more selective and biased 
toward larger mammal remains than are the processes of burning. 
Balme ( 1980) attempted to rule out selectivity by burning but did 
not address the issue of inherent biases in species identifications for 
fragmented material. 
Secondly, smaller mammal bone is more likely to be buried 
under the sandy substrate and at a faster rate than larger mammal 
bone (Walters, 1984). Thus smaller mammal bone is less likely to 
be exposed to fires lit upon old debris. 
Thirdly, modern observations have recorded that larger 
mammal bone is often 
value (Walters, 1984 ). 
tossed into a fire because of its "nuisance" 
Smaller mammal bone on the ground does 
not present the same impediments to human comfort and thus is 
less likely to be discarded into a fire. 
Fourthly, smaller mammal bone is more likely to be completely 
consumed by humans or by scavengers whereas larger mammal 
bone is more likely to be modified after flesh is removed. 
Fragments are then left on the surface, to be burnt by fires lit on 
old debris. 
The final evidence presented by Bal me (I 980b) for larger 
mammals having been targeted by humans was to note that 
Macropods larger than Bettongs are absent from the deposit prior to 
evidence for human occupation. This was interpreted as providing 
support for the proposal that remains of larger macropods 
represent human discard. However, the Tasmanian Devil was also 
identified as active at the site during the time span for human 
occupation. This "well-known hunter and scavenger" (Guiler, 1970) 
may equally well have eaten larger macropods as carrion or killed 
weakened individuals and deposited their remains at the site in 
scats. 
4.5 .3. Discussion 
Devil's Lair was found to contain an abundance of 
archaeological material: hearths, stone and bone artefacts, charred 
bone, a wide range of prey 
skeletal elements and teeth. 
species and biases in large mammal 
Three principal bone depositors came 
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to be recognised as active at the site; owls in the lower deposits and 
humans and Tasmanian Devils in the upper deposits. The 
difficulties of distinguishing between deposits from a variety of 
predators identified at the site were recognised by all researchers 
and were certainly not underestimated. 
To avoid these problems 
specific aspects of the fauna! 
only with human activity. 
remains were focussed upon. 
lower incisors from the deposit 
an endeavour was made to identify 
material which could be associated 
Charred bone and large mammal 
A bias in the numbers of kangaroo 
was interpreted as a direct result of 
human action, although this is site specific and therefore cannot be 
generalised into a criterion of human discard deposits. Charring 
was found to have significant correlation with human activity 
(Balme, I 980b ). Furthermore, it was also suggested that humans 
were targeting large mammals. This was summed up by Dortch as: 
"For the present then the best evidence for human 
exploitation at Devil's Lair is among taxa at the 
extremities of the range: kangaroos and probably large 
wallabies; freshwater mussels and emu eggs if only 
occasionally; marine molluscs and fish, if only rarely." 
(Dortch, 1979:273). 
However, no firm evidence was found for assigning particular 
prey species to humans. 
Analysis of bone modification by humans was restricted to 
descriptions of the charred bone and artefacts. Examination of 
potential bone modificaton by Tasmanian Devils and Owls did not 
progress beyond the analysis of superficial details of prey size and 
degrees of fragmentation. As Balme herself stated, 
"So far no method has been described for 
distinguishing between the bones accumulated rn 
different ways (Balme 1980:81) 
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Successive analyses of the material from Devil's Lair did not 
establish the criteria for recognising a human deposit, beyond the 
presence of charred bone and fewer than expected lower Macropod 
incisors, nor did they describe the characteristics of human discard. 
4.5.4. Summary 
The deposit from Devil's Lair is a complex mix of various 
predator depositions; Owls, Tasmanian Devils and Aborigines. The 
history of research at Devil's Lair has not suffered the problems 
identified in the analyses of Clogg's Cave; Seton Rockshelter and 
Cave Bay Cave and discussed in this chapter. These were 
assumptions about species targetting, the existence of discrete 
predator horizons and simplistic interpertations of archaeological 
bone debris. However, the researchers did believe that it was the 
large mammal material which offered the greatest potential for 
revealing subsistence patterns and were in the end thwarted by a 
the lack of sufficient evidence to distinguish between different 
predator depositions. 
4.6. Summary 
At all four sites 
deposits had been 
the researchers concerned recognised that the 
accumulated by a variety of predators. 
However. it was only at Devil's Lair this situation was recognised to 
exist throughout all horizons. Researchers concerned with the 
other three sites believed that whole units or zones, each consisting 
of many spits, could be attributed either to Aborigines, Owls, or 
Tasmanian Devils exclusively, or to both Owls and Tasmanian Devils. 
Furthermore, the roles of other carnivores, often present in the site, 
were given Jess importance than could be justified. The attempt to 
identify discrete predator horizons caused major problems for the 
faunal interpretation of Clogg's Cave, Seton Rockshelter and Cave 
Bay Cave. As discussed by Cosgrove and Marshall (Cosgrove, et al., 
I 990) a comparative data set which would enable assemblages to 
be assigned to a specific predator has not been available. 
Various methods were used to establish criteria for a human 
deposit and characteristics of human discard at all four sites. 
Human discard deposits were recognised by the presence of burnt 
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bone, bone fragmentation patterns, skeletal element patterns and 
remains of large mammals which the authors had identified as 
target prey species. However, it has here been shown that there 
was insufficient evidence ro support the resulting criteria for a 
human discard deposit at each site. 
From the fauna! material alone, the strongest evidence for 
human occupation was the presence of burnt bone. It must be 
stated though, that although burnt bone may be indicative of 
human activity the bone need not neccessarily represent human 
discard. This issue is of immense importance for archaeological 
interpretations and will be discussed further in Chapter 6. 
Considering that criteria for recognising a deposit accumulated 
through human discard have not been found, it is necessary to 
discuss the available data and methods for identifying non-human 
carnivore deposits. Information on predator ecology has been 
derived from feeding trials and observations of captive animals, 
field observations and field collections of predator deposits. It is 
hoped that by recognising non-human discard, the human discard 
will become more obvious. 
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CHAPTER 5 
Modification and deposition of 
assemblages by non-human 
5.1. Introduction 
bone in cave 
predators 
A number of mammalian carnviores were identified in the 
deposit; Quolls, Tasmanian Devils, Tasmanian Tigers and Dingoes, all 
of which are known to deposit bone in scats and also scavenge or 
modify surface debris. It is also suspected from the condition of 
the small mammal material that owls have been contributing pellet 
bone to the deposit. This chapter aims to determine the extent to 
which eaeh of these predators were contributing to or modifying the 
bone deposit in Allen's Cave. In order to 
necessary to review the existing information 
modification of bone for each predator. 
achieve this it is 
on deposition and 
Much of the existing data on prdator modified bone has been 
obtained from controlled feeding trials. The problems of relating 
the results from feeding trials to fossil assemblages will be 
discussed. The lack of ecological information appropriate to 
taphonomic questions will also be highlighted. 
It is anticipated that a set of criteria which correlates each 
predator with a discrete set of characteristics of bone modification 
will be established in order to determine the extent of individual 
predator presence in the bone assemblage from Allen's Cave. 
5. 2. Barn Owl feeding trials 
Controlled feeding of owls, including Barn Owls, has been 
carried out in North America by Dodson and Wexlar (1979) and 
Hoffman (1988), and in Australia by Marshall (1986), in order to 
establish comparative collections for archaeological research. In all 
three experiments various species of captive, healthy owls were fed 
an exclusive diet of House Mice, Mus musculus, over a specified 
time, during which all or some of the owls' regurgitated pellets were 
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collected in order to analyse the prey bone. The central aim 
throughout was to identify and compare the damage caused by 
different species of owl to prey bone. Dodson and Wexlar (1979) 
and Marshall (1986) also aimed to test the traditionally held view 
that owls in general regurgitate largely undamaged prey bone. 
Dodson and Wexlar (1979) and Marshall (1986) presented data 
on element representation and element fragmentation by simply 
comparing the number of skeletal elements ejected in the pellets 
with the expected number (element representation) and recording 
the number of intact bone (element fragmentation). These 
methods and the relevance of the resulting data to a fossil 
assemblage were subsequently criticised by Hoffman (1988), who 
presented his data on element representation and fragmentation by 
statistical tests. 
Although the results from the earlier researchers' analyses are 
shown to have limited applicability to a fossil assemblage, this is not 
the case with their descriptions of specific damage to individual 
skeletal elements, as will be discussed below. This section will 
initially discuss the various methods used by the above researchers 
to obtain their data on element representation and fragmentation 
and the relevance of such data to a fossil assemblage. Included in 
this will be Hoffman's (1988) criticisms of Dodson and Wexlar's 
(1979) work followed by a discussion of Hoffmans methods. Lastly, 
the relevance of the descriptions of damage to individual skeletal 
elements provided by both Dodson and Wexlar (1979) and Marshall 
(1986) will be discussed and tested against the material from 
Allen's Cave. 
5.2.1. Dodson and Wexlar's (1979) research 
The experimental study by Dodson and Wexlar ( 1979) included 
three individuals each of Barn Owls Tyto alba, Great Horned Owls 
Bubo virginianus and Screech Owls Otus asio. The three Barn Owls 
contributed a total of ten pellets for individual analysis and 
comparative analysis with pellets from the other owls. No record 
was kept of the number of mice ingested by the Barn Owls; a 
minimum number of 17 specimens was estimated from the total 
number of skulls or mandibles present in the pellets. This allowed 
an expected number for each post cranial element to be calculated 
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(e.g. expected number of femora is 17 x 2 = 34). Element 
representation was shown by dividing the actual number of any one 
skeletal element with the expected number of the same skeletal 
element and multiplying by l 00 for a percentage. Element 
fragmentation was shown by dividing the number of complete 
elements by the actual number present for any one skeletal 
element and multiplying by 100. This data referred only to the 
larger elements - skulls, mandibles, scapulae, pelves and limb 
bones. Ribs, metapodials and cranial fragments were merely 
recorded by their presence or absence. 
Overall, Dodson and Wexlar found that of the three species of 
owl rn their study, only Barn Owls conformed to the traditional 
view; 
"Barn Owls are particularly distinctive in the low 
degree of breakage and high degree of articulation of the 
bone produced" (Dodson and \Vexlar, 1979:283). 
5.2.2. Marshall's (1986) research 
Marshall's (1986) study included five Barn Owls Tyto alba and 
four of the smaller Boobook Owl Ninox boobook. (This was. 
unfortunate considering the apparent preference by the latter owl 
toward a purely insectivorous diet, as discussed in Chapter 2.) 
Over a period of 30 days, 21 pellets were collected from the Barn 
Owls. As in the earlier analysis the number of mice ingested by the 
owls was not recorded; a minimum number of 25 specimens being 
estimated from, in this case, the scapulae. Element representation 
followed that used by Dodson and Wexlar (l 979) and outlined 
above. However Marshall (1986) did not use their method of 
presenting element fragmentation. Whereas Dodson and Wexlar 
(1979) had perceived element fragmentation as simply bone being 
either complete (intact) or incomplete, Marsha!! instead defined 
damage as; "any macroscopically observable alteration from 
complete bone as indicated by reference Mus musculus skeletons" 
(Marshall, 1986) (p: I 08). 
Overall, Marshall (1986) confirmed Dodson and Wexlar's (1979) 
results regarding Barn Owl pellet bone in comparison to pellet bone 
from another species of owl; 
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" ... much of the M.musculus bone from the T.alba 
pellets remained intact and breakage to many elements is 
relatively minor when compared to bone derived from 
the scats of other cave-dwelling predators, 
i.e.Sarcophilus.... It is apparent, however, that the 
condition of owl pellet bone is more variable than (Hope, 
1973) implies" (Marshall, 1986:118-119). 
These two analyses found that Barn Owl pellet bone supported 
the traditional view of owl pellet bone, but bone from pellets of 
other owl species, both larger and 
not support the traditional view. 
not be discussed here (as the owls 
smaller than the Barn Owl, did 
Although the latter findings will 
concerned are either not resident 
to Australia or not resident in Allen's Cave), it is relevant to the 
fossil assemblage from Allen's Cave that element fragmentation of 
pellet bone does vary between owl species. 
5.1.3. Hoffman's (1988) criticism 
Hoffman did further research of Barn Owl feeding behaviour in 
1988, in a study that included four species of owls and three species 
of hawks (see 5.2.6 below). His criticisms of Dodson and Wexlar's 
(1979) methods included the following points: the study was 
controlled by the number of pellets rather than the number of mice 
fed to the owls; a "simple comparison of percentages rather than 
formal tests of significance" was used for element representation 
and fragmentation; a "simple bivariate system" was used to note 
intact bone. Except for the latter point Marshall's (1986) work also 
falls within the range of Hoffman's criticisms. 
Hoffman concluded that although the work by Dodson and 
Wexlar (1979) had provided; 
"an excellent baseline for characterizing the effects of 
owl predation on small animal bones, several aspects of 
their methodology resulted rn observations that are 
difficult to interpret and incorporate in quantitative 
taphonomic analyses." (Hoffman,1988:82). 
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Hoffman suggested that tighter controls and a more "concise 
and objective system" was needed for classifying element 
fragmentation and patterning between owl species. However, 
before his alternative methodology is discussed, it is necessary to 
focus on the problems associated with the relevance of the work by 
both Dodson and Wexlar (1979) and Marshall (1986) to a fossil 
assemblage. 
5.2.4. Feeding trial data and fossil assemblages 
Skeletal element representation was calculated by both Dodson 
and Wexlar (1979) and Marshall (1986) from the ratio between the 
expected number and the actual number of elements. Such data 
may be irrelevant for a fossil assemblage which is itself the residue 
of an unknown quantity. However such data may serve as a crude 
guide when comparing numbers of individual skeletal elements 
from within the same fossil assemblage. For example, according to 
both modern analyses a far higher number of mandibles than 
clavicles would be expected in a deposit of Barn Owl pellets. But the 
analyses strongly disagree on individual percentages skeletal 
element representation for both long bones and small bones. 
Whereas Marshall's (1986) analysis finds all elements except 
clavicles and vertebrae to represent from 92-100% of the expected 
number, Dodson and Wexlar (1979) found clavicles and vertebrae to 
represent from 68-94% of the expected number. These differences 
are shown in Table 5.1. below. 
These differences might be understandable if the grading of 
common to least common elements were similar m both cases, but 
as Table 5 .1. below demonstrates, it is not. 
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Table 5.1. Relative abundance (%) of 13 
skeletal elements of House Mice found in Barn 
Owl pellets during feeding trials; after Dodson 
and \Vexlar (1979) and Marshall (1986). 
Tl);~---·-·~-·-
1 Dodson and 1 % I lVtarshall 
I \Vexlar (1979) l (1986} 
% 
1--_ _;:c __ --J-"s:.:k-=u:.::.ll::...-... _____ +...::.1.:::.o-=o-+sca p"'"u_I a ____ , 1 O 0 
1mandible 94 lastra ulus 1100 
3 !scapula 88 jhumerus [98 
4 'radius 85 tibia 198 
5 humerus 82 !mandible 96 
6 I ulna , 7
7 
9
6 
: cranium(skull) 19
9 
6
6
. 
7 ' elvis 'ulna 
'----"'8 ___ ~1~a~s~tr-=a~g~u~l~u~s ___ __,i~7~3"'--'-l.:..:ra_d_i_u_s. ____ -t-:9~.4~__, 
9 femora 71 94 
l I calcaneum 6 8 calcaneurn 9 2 
12 ·!vertebra /68 ivertebra 188 _J 
1 3 . clavicle i 5 6 I clavicle , 4 8 
As shown in Table 5J. above the difference between 'the same 
elements varies from 2 (i.e. mandibles) to 30 (i.e. tibiae) percentage 
points, with an average difference of 17% . 
Tibiae, astraguli, calcanei, femora, vertebrae and ulnae differ 
between the two columns by more than the average of 17%, i.e. 
both major limb bones and small bones differ significantly. Both 
analyses agree on the position of mandibles and clavicles within the 
above gradings but this fact is of little use when considering that 
mandibles are found to have better survival rates than clavicles 
across a range of diagenetic events, largely due to their higher 
density (Binford and Bertram, 1977) (Lyman, 1984). Thus the 
results for element representation from both modern analyses are 
not applicable to fossil assemblages generally or useful for internal 
comparisons within one fossil assemblage. 
The percentage differences between element representation in 
both analyses might be explained by one or more of the following; 
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1. Variability of digestive effects according to the size, age 
and activity levels of individual caged owls. 
2. House Mice may be the most easily procured prey item for 
captive birds but, being considerably smaller than most 
native murids, may not be the most suitable on which to 
extrapolate pellet bone return. 
3. Problems with sorting and identifying bones. Marshall 
rechecked all the non-bone ("furry") residues extracted 
from the pellets before final discard; Dodson and Wexlar 
did not recheck residues. However, it is unlikely that the 
commercial chemicals used by the latter researchers to 
dissolve the non-bone matrix caused bone loss considering 
that both major limb bones and small bones were under-
represented in their sample. 
In summary, percentages of element representation are not 
applicable to a fossil assemblage. A grading of the most to the least 
common skeletal elements in Barn Owl pellets, as found in both 
Dodson and Wexlar's (1979) and Marshall's (1986) published work 
could have been useful for internal comparisons of a fossil 
assemblage if the variation between their respective gradings had 
not been so dissimilar. We are left with only the vague impression 
that mandibles survive well whilst clavicles do not, which is 
symptomatic of many taphonomic events (Binford and Bertram, 
1977) (Lyman, 1984). 
5.2.5. Skeletal element fragmentation in Barn Owl 
pellets 
The inadequacies of the data discussed above, also apply to the 
data concerning percentages of "intact', "complete" or "damaged" 
bone in the analyses by Dodson and Wexlar (1979) and Marshall 
(1986). Once again, such data may serve as a crude guide to assess 
the range of damage found on individual elements from within the 
same fossil assemblage: however the different criteria of damage 
used in the two analyses has lead to a difference in the grading of 
individual elements from the most to the least damaged. Also 
Marshall (1986) used two methods of calculating percencages of 
damaged elements. The first method employed a simple ratio of 
100 
individual numbers of damaged elements to the total number of the 
same element identified: this method was also used by Dodson and 
Wexlar (1979) to calculate the representation of complete bone. 
Marshall's second method numerically recorded different areas of 
damage on the same element, for example as shown for humeri in 
Table 5.2. below. 
Table 5.2. Frequency and position of damage by Barn 
Owls to 49 House Mice humeri, after lVfarshall (1986). 
!'"'P_a_r_t--o-r-...,!~N-o-. _d_a_m_a_g~ed -~,-i -41-0 ~d~ ma-g-edl 
f-Humerus1 (x) !(x/49 x 100) i 
! I proximal 29 i 59 I ! ' 
1 I deltoid 6 l 2 
shaft 1 2 
distal 0 
In this method elements are counted for their number of 
damaged areas. In this way one element may be counted more 
than once if damage occurs in more than one area on that element. 
This will give in some cases, e.g.crania, scapulae and pelves, a larger 
sample group of damaged bone than the actual sample size (n). 
Consequently, when these numbers are expressed as percenrages 
and an average recorded this will differ somewhat from the 
percentage expressed for the same element by the simpler method. 
In the above example for humeri, the average percentage of 
damaged humeri is 18%, whereas the simpler method gave 67% of 
humeri as damaged. However, using the results from both methods 
to grade skeletal elements from most to least damaged gives a 
similar scaling. A comparison of the two grading results and a 
l 0 l 
grading adapted from Dodson and Wexlar's (1979) analysis is shown 
in Table 5.3 below; 
Table 5.3. Frequency of damage to skeletal elements 
of House Mice in Barn Owl pellets; after Dodson and Wexlar 
(1979) and Marshall (1986). 
Frequency 
of damage 
Marshall (1986) 'Marshall (1986) I Dodson and 
Most 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Least 
"simple 
method" 
cram um 
I scapula 
I 
pelvis 
sacrum 
humerus 
tibia 
femora 
clavicle 
fibula 
ulna, mandible 
radius 
"advanced 
method" 
cranium 
scapula 
sacrum 
pelvis 
clavicle 
tibia, femora 
humerus 
mandible 
fibula 
ulna 
radius 
Wexlar 
(1979) 
pelvis 
scapula 
clavicle 
ulna 
ti bi a 
skull(cranium) 
radius 
humerus 
mandible 
femora 
As Table 5.3. shows, although Marshall's simple method was 
the same as Dodson and Wexlar's method, the results are quite 
different. Marshall's two different methods however, did lead to a 
similar result and both of these are significantly different to Dodson 
and Wexlar's for all elements except pelves, scapulae and 
mandibles. In regard to these three elements both analyses come to 
the same conclusion; that in Barn Owl pellets mandibles tend to 
survive far better than pclves and scapulae. However mandibles 
survive better overall throughout a range of taphonomic events, 
due largely to their bone density (Binford and Bertram, 1977) 
(Lyman, 1984 ). Thus the survival of mandibles as opposed to 
scapulae and pelves is not in itself indicative of a specific 
taphonomic agent. 
These results pose the question; can any of the gradings from 
most to least commonly damaged elements in owl pellets be applied 
to a fossil assemblage or be used as a guide for internal comparsions 
within a fossil assemblage? 
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There is no doubt that the main reason for the different results 
are the different definitions of intactness as used by Dodson and 
Wexlar and Marshall. The former merely noted bone as either 
"complete" or "incomplete", which has naturally resulted in a higher 
percentage of intact bone than Marshall's (1986) more concise 
definition of damage as "any macroscopically observable alteration 
from complete bone". However in analysing a fossil assemblage 
both definitons become redundant, along with the results, if one 
valid premise is not met: that the fossil assemblage is free of all 
post-depositional damage. As Hoffman ( 1988 :89) states, " .. the 
fossil assemblage must be in an excellent state of preservation" 
when being compared to modern assemblages. This, unfortunately, 
is most unlikely for the vast majority of, if not all cave sites. Cave 
sites are not taphonomically static and cannot be assumed as such. 
It must be re-emphasised that scavenging, trampling, fluvial 
activity, burning and weathering by chemical attrition are random 
taphonomic events which may occur singly or in unison throughout 
the lifespan of a cave bone deposit and all may alter the original 
taphonomic signature imposed upon a bone. 
5.2.6. Hoffman's (1988) alternative methods 
Hoffman's 1988 study involved the controlled feeding of five 
representatives of each of four owl species, one of which was a Barn 
Owl, and four representatives of each of three species of hawk. All 
were captive birds and each was exclusively fed 50 house mice, 
Mus muscu l us. Hoffmann wished to study "the formal 
characteristics of bones from raptor pellets" in order to assess the 
"potential contribution of raptors to patterning 1n fossil 
assemblages" (Hoffman, 1988:81 ). Similarly to Dodson and Wexlar 
(1979), this was done by examining element representation and 
fragmentation in the pellet bone. However, Hoffman believed the 
analysis by Dodson and Wexlar (1979) had suffered acutely from 
the lack of " .. a more concise and objective system for classifying 
bone breakage patterns" (Hoffman, 1988:82). To bring in greater 
control Hoffman used a method of recording element fragmentation 
which " ... noted identified specimens to the nearest 25% of the 
original unbroken element or portion of 
1988:83). Vertebrae, ribs, carpals, 
metapodials were not included in this 
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the element" (Hoffman, 
tarsals, phalanges and 
analysis. Apparently 
element representation was also recorded to the nearest 25% of the 
original unbroken element or portion of the element, but the exact 
method is unclear both from the text and the inadequately labelled 
accompanying table in his report (Table l, "Identified bone 
specimens from pellets of seven species of raptors" (Hoffman, 
1988 :83) Hoffman found that his data on element frequency 
generally supported the finding by Dodson and Wexlar (1979) that 
differential destruction of prey bones can be used to separate 
raptor species, but he adds; " ... the implications for a fossil 
assemblage are perhaps not quite as clear" (Hoffman. 1988:83). 
Furthermore, after performing statistical tests for rank-order 
correlation and relative evenness amongst the sample sizes, he 
found that in fact; "little potential (exists) for detecting a 
taphonomic signature between raptor species based solely on 
differential element representation" (Hoffman 1988:85). 
Hoffman's (1988) element fragmentation data were tested in 
an identical manner to element representation. However, in order 
to cope with the large number of categories generated from the 
number of elements and the number of fragmentation categories, 
diversity was tested for both richness (number of categories) and 
evenness (distribution over categories). The statistical results 
showed that "specific patterns in the fragmentation of specimens 
appear to be distinctive between the birds" (Hoffman, 1988:89). 
Thus although element representation does not produce a 
taphonomic signature between the raptor species, element 
fragmentation does. 
Unlike Dodson and Wexlar (1979) and Marshall (1986), 
Hoffman did not identify or describe specific damage to individual 
elements, his aim being to explore the usefulness of quantitative 
analyses. As stated earlier for Dodson and \Vexlar's (l 979) work, 
the information on bone damage patterns of raptor species not 
indigenous to Australia need not be discussed further, except to 
note once again that differences between owl species can sometimes 
be detected via element fragmentation studies. This is directly 
relevant to the fossil assemblage from Allen's Cave, where two 
species of owl are presumed to have resided at various times, as 
discussed in Chapter 2. 
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Table 5.4. Damage to skeletal elements of House Mice 
during Barn Owl feeding trials; after Dodson and 
Wexlar (1979) and Marshall (1986). 
,.......S_k_e_l_e_t·a--l~-e-le-m~e-n-t·-.,.~--:D~o-d~s-o_n ___ a_n_d-:--~....--::J\1·arshall 
dama ed Wexlar (1979) 
(19s6n 
! 
Cranium 
oarietal 
l occi ni tal 
nasal 
ZVl?Oma 
sauamosal 
Mandible 
front/distal 
L back roximal 
Sea ula 
blade 
Clavicle 
! proximal 
I distal 
Humerus 
all detached 
all detached 
no damage 
110 dama!!e 
no damage 
no dama e 
no dama e 
erosion leaving a 
feathery appearance, 
or detached 
damage 
1 no damage 
all detached 
all detached 
all detached 
all detached 
all detached 
eroded or broken 
eroded or detached 
! detached 
I detached 
j proximal j no damage I head and greater 
I
. j tubercle with slight 
ri -----------+-----------;...! s~e'"rration to detachment distal no damage i no. dama e 
Radius 
proximal 
distal dama e 
Ulna 
roximal 
distal 
Pelvis 
innominates , disaggregated 
Sacrum 
transverse processes I no damage 
Femur 
I no damage 
·no damage 
, rarely damaged 
illiatic crest broken or 
with surface etching: 
I detached 
L-..Qi.Q_X~i_m~a_l_~~~---1i_n_o~d~a~m~ag~e~~-~~~-.,..'~d~e~1a~c~h~e~d~~~-~~-~· 
' distal J fractured [ condylc and flabellae I 
L.~-~~-~-~-~~~--~~----~-1~d~e~t~a~c~h~c~d-~~~~___; 
Tibia 
proximal e 
distal detached 
105 
i 
I 
l 
i 
i 
S.2. 7. Dodson and Wexlar's and Marshall's descriptions 
of damage to pellet bone 
Both analyses identified and described damage to specific areas 
of individual skeletal elements to varying degrees. More attention 
was paid to these aspects by Marshall (1986) in order to record 
damage as any sign of attrition. Table 5.4. compares the 
descriptions of damaged areas by Dodson and Wexlar (1979) and 
Marshall (1986) to individual skeletal elements. 
As can be seen in Table 4.3. both sets of results are similar 
regarding the location of damage but the descriptions by Dodson 
and Wexlar (1979) are far less detailed. Both analyses recognised 
two consistent factors; that scapulae were generally represented by 
the "ventral end" (glenoid fossa) and two processes only (the blade 
detached), and femurs were the least damaged of the larger long 
bones. In order to assess the relevance of the data in Table 4.3. 
and its potential to interpret fossil assemblages generally, it must 
first be ascertained that the damage is unique to a single 
taphonomic agent, namely Barn Owls. Part of this assessment relies 
on understanding how Barn Owls cause the damage identified in the 
two modern analyses and deciding whether this damage could be 
replicated by a different taphonomic agent. 
Marshall (1986) suggested that the damage to the largest long 
bones occured during capture and/or consumption of prey. 
Considering that the largest bones appeared to suffer the most 
damage, he believed that it was not bone hardness which was of 
importance in survival but selectivity of the digestive process for a 
particular shape or surface area. Dodson and \Vexlar found bone 
digestion in owls "to be a strangely selective process, delicate ribs 
often being returned intact for example." (Dodson and Wexlar, 
1979:282). Both of these modern analyses concluded that bone 
survival and bone damage varied according to the size of the owl 
and size of its prey. Thus the larger the owl, the more fragmented 
pellet bone becomes, and thus the more similar it is to carnivore 
scat bone. 
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Prey bones may be damaged by owls during one or more of the 
following events; 
1. Prehension 
2. Ingestion 
3. Digestion and pellet formation 
Each of these activities needs to be discussed in relation to Barn 
Owls in order to discover the cause of damage. 
5.2. 7 .1. Damage by prehension 
Generally Barn Owls have been found to hunt on the wing 
(quartering) but will also hunt from a perch when needing to 
conserve energy (Schodde and Mason, 1980; Blakers et al., 1984; 
Taylor, 1989). In Australia, Schodde and Mason (1980) describe 
Barn Owls as grabbing their prey by its head and snapping its back 
with their bill before carrying it in their bill back to a feeding perch. 
Lenton (1984) observed resident Barn Owls at an oil palm 
plantation in Malaysia hunting by two methods. One involved a· 
"perch and wait" technique, using perches between three and five 
metres above the ground; the other involved ground perching. 
Taylor (1989) observed a combination of the above techniques by 
Barn Owls on British farmlands, where the birds made their way 
"systematically along fence lines, pausing for several minutes on a 
post to scan the surrounding area" (Taylor, 1989:6-7). Prey was 
carried off grasped beneath the ribs by the talons (Taylor, 1989) or 
held in the beak by the scruff of the neck (Lenton, 1984; Taylor, 
1989). This latter method may well explain the commonly found 
detachment of the occiptal and parietal areas of the cranium as 
identified in Table 4.3. The former carrying method, using the 
talons, could explain damage to post cranial elements, but is less 
specific and dependent upon the length of the talons and thickness 
of prey skin and flesh; similar damage could occur whilst pouncing 
and securing prey. Kusmer (1990} suggested that mechanical 
breakage of pellet bone occurs during prehension and ingestion 
rather than during later events such as pellet formation, ejection 
and decomposition. 
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S .2. 7. 2. Damage by ingestion 
Captive (North American) Barn Owls were observed by Dodson 
and Wexlar (1979) to first sever and ingest the head of their prey, 
then remove the thoracic and abdominal viscera before finally 
swallowing the remaining carcass neck first. This is in contrast to 
Lenton (1984) who observed free· ranging Barn Owls in Peninsular 
Malaysia ingesting their prey whole; although Lenton also noted 
that 
"If the prey was large, then the owl sometimes 
decaptiated or tore off the front portion and consumed 
that only. Often when the male bird returned with prey 
for the female at the nest the rat was headless and when 
pellets were examined it was evident that a sitting female 
Jess commonly received complete prey individuals" 
(Lenton, 1984:555). 
Taylor (1989) noted that Barn Owls nearly always "swallow 
their prey whole .... on the spot", the only exceptions being when the 
nesting female tears up food for the young chicks. 
Mayhew (1977) stated that pellet samples indicated that the 
cranial part of the skull is typically broken by owls prior to 
ingestion. However, this may have occured during pellet formation 
or egestion or post-depositionally. 
Marshall (1986) did not observe the owls feeding but by taking 
into account the published literature on Barn Owls he believed that 
prey would be dismembered before being eaten. Schodde and 
Mason record Australian Barn Owls as swallowing prey whole, 
"with little crushing if small enough but otherwise it is entirely 
dismembered." (Schodde and Mason, I 980). 
Barn Owl feeding methods appear to be a point of controversy 
rn the literature. Dodson and Wexlar's (1979) observation of 
fastidious dismembering of small prey by non-breeding Barn Owls 
may be a reflection of unusual behaviour developed by caged birds. 
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Taylor (1989) records that at times of peak abundance, Short· 
tailed Voles, Microtus agrestis, constitute 95% of Barn Owls diet in 
Britain. These small mammals weigh approximately 20 grams, 
which is slightly more than the average 15 gram House Mouse, and 
could certainly be swallowed whole by a Barn Owl. (The fact that 
Taylor (1989) qualifies his statement on Barn Owls swallowing their 
prey whole with "nearly always" probably stems from the fact that 
voles are the main dietary item in most seasons; when they are not, 
larger prey may be dismembered). Thus it is probably as Lenton 
observed, that when prey is small, i.e. approximately 20 grams, it is 
swallowed whole but if larger the head at least is removed. 
Certainly it would appear that during times of breeding and the 
feeding of nestlings prey is usually dismembered and fed piecemeal 
to young, but is not necessarily eaten in this manner by the adult 
male. 
Damage to prey bones may occur even when ingesting prey 
whole, by crushing the cranium with the bill. Damage may also 
occur if prey is held in the talons. which may pierce the bones. 
However, it is more likely that the talons would be secured in the 
muscle and cartilage surrounding the joints rather than the bone 
itself. Damage would certainly occur during dismembering of large 
prey, presumably at the joints of limb bones in order to free the 
joint (proximal humerus/scapula, proximal femur/pelves and distal 
femur/ proximal tibia) or on the fleshiest areas. (abdominal region) 
and the base of the cranium. 
Similar damage due to dismemberment would also occur to 
small prey during feeding of the young in the breeding season, and 
these areas of damage (proximal humerus/scapula, proximal 
femur/pelves and distal femur/ proximal tibia and the base of the 
cranium) are the same areas identified by both Marshall (1986) and 
Dodson and Wexlar ( 1979) and outlined in Table 4.3. However, the 
captive Barn Owls in the experiments of Dodson and Wexlar (J 979) 
and Marshall (1986} were non breeding and fed very small prey 
Mus musculus. Thus the prey would not have been dismembered 
and no damage to those joints specified above should have occured. 
Cranial damage can be readily explained by ingestion or the 
carrying of prey, due in both cases to the bill. but damage to the 
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largest limb bone ends, pelves and scapulae is not explained by the 
use of talons or bills. 
5.2. 7 .3. Damage by digestion and pellet formation 
According to Taylor (1989) pellets are formed by muscular 
action compressing "into a tight mass" the undigestible fur and bone 
retained in the foregut. This process has been studied at some 
length in the Great Horned Owl Bubo virginianus of North America 
by Kostuch and Duke (1975). These researchers divided the 
process of gastric motility into three phases; mechanical digestion, 
chemical digestion and pellet formation and egestion. These phases 
were divided on the basis of gastric pressure changes which were 
measured when the owls ingested radio transmitters implanted into 
mice. (The transmitters were later retrieved in the pellets). The 
mechanical digestion phase displayed the highest contraction 
frequency pattern with the lowest occuring during the second 
phase; chemical digestion. It was also found that contraction 
frequencies increased with an increase in the amount of food eaten 
but the duration of the contractions did not vary with food quantity. 
These results supported an earlier study by Reed and Reed (1928). 
An experiment performed by Duke, Jegers. Loff and .Evanson 
(1975) to compare the pH levels of gastric juices from Falconiformes 
(hawks) and Stringiformes (owls) gave a pH value of 1.6 and 2.35 
respectively. This was used to explain the greater amount of 
corrosive damage to falcon prey bone and lower skeletal element 
return in falcon pellets compared to owl pellet bone. This study 
did not include Barn Owls, but the results can be extrapolated to 
include them considering that, as discussed earlier, of all owl species 
they alone appear to conform to the traditional view that owls 
regurgitate mostly complete and undamaged bone. 
The areas of greatest damage to Barn Owl prey bone in the 
feeding trials were on the longest limb bones ends (humeri, femorae 
and tibiae) and pelves and scapulae. It is possible that the 
muscular contractions during mechanical digestion will damage the 
bone, as suggested by Smith and Richmond ( 1972) causing it to 
display the characteristics of damage described by Dodson and 
Wexlar (1979) and Ylarshall (1986) and outlined in Table 4.3 above. 
It is also possible that these areas, once damaged are more 
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vulnerable to chemical corrosion by gastric juices than they would 
otherwise be if undamaged. 
The use of talons to carry or secure prey and of the bill to snap 
and swallow prey does not fully explain the consistent damage 
identified on the post-cranial prey bone as discussed above, 
although certainly raptor talons are capable of piercing through 
flesh and into a bone shaft (Livingston, 1988) (R.Schodde 
pers.comm.). On this evidence it appears that the effects of 
mechanical digestion are a comparatively unvarying taphonomic 
event unlike the use of talons and bills which are applied to the 
most convenient part of the prey whilst securing, carrying or 
ingesting it. 
The analytical work on Barn Owl pellets of Dodson and Wexlar 
(1979), Marshall (1986) and Hoffman (I 989) has given a certain, 
although limited, amount of information which is applicable to a 
fossil assemblage. However, because such actualistic studies do not 
address questions intrinsic to fossil assemblages we are none the 
wiser on the following points; is this damage unique, or can it be 
overwritten by post-depositional events or replicated by other 
taphonomic agents? Ultimately, can this damage be identified in a 
fossil assemblage which has been deposited by more than one agent 
and subject to post-depositional events? Furthermore, at what rate 
do pellets breakdown and is the rate of breakdown altered by 
human occupation which raises cave temperature through hearths 
and body heat. As noted by Kusmer 
"The applicability of modern data to fossil assemblages, in 
which complex depositional histories and post-depositional 
processes are the rule, must be assessed by testing criteria and 
developing methodology through analysis of the fossil assemblages" 
(Kusmer, 1990:636). 
5.3. Evidence for Barn Owl deposition in Allen's Cave 
The skeletal debris from prey weighing less than or equal to 80 
grams (the maximum prey weight taken by Barn Owls) in the 
deposit from Allen's Cave displays some characteristics which have 
been identified as specific taphonomic signatures for Barn Owls. 
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These are in the 'feathery' appearance of scapula; fractured pelves 
and cranial disarticulation. However, unexpectedly, the limb 
bones of small mammals in the deposit have a high fragmentation 
rate, presented in Tables 4.4 and 4.5 below. This is contrary to 
research based on results from feeding trials by Dodson and 
Wexlar (1979) and Marshall (1986). 
Femurs and humerus from murids in the Allen's Cave 
assemblage weighing less than 80 grams were divided on the basis 
of shaft length into two groups· Notomys sp. and Pseudomys sp. 
These two genera were the most numerous of the murids in the 
assemblage (Appendix 1) and distinguishable on the basis of the 
far longer femur but shorter humerus for the hopping mice. 
The percentage of broken femurs and humeri was calculated 
for each size group against the total number of complete and 
broken limb bones (n). The results are presented in Table 5.5. and 
clearly demonstrates a high fragmentation rate for the major limb 
bones of the small mammals in the assemblage. 
Table 5.5. Percentage of broken femurs and humeri for 
two size groups of M urids. · 
r ~,.,.~ 
I l Notomys SlJ. Pseudomvs SIJ. 
I Femur 
--
70% (n=l 703) 35% (n=657) 
i 
Humerus 27% n=1234) 46% (n=l 80 
Examples of the type of fragmentation common to small prey 
limb bones is shown in Plates 5.1 and 5.2. 
Some humeri, having lost one or both epiphyses, had small 
perforations on their articular surfaces; this 
the proximal rather than the distal end. 
was more common on 
Perforations have not 
been recognised as a taphonomic signature specific to Barn Owls. 
These are presented in Table 5.5A. below. As can be seen, femurs 
rarely, if at all displayed perforations on articular surfaces. 
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Table 5.5A. Percentages of perforated femurs and humeri 
for two size groups of Murids. 
-~~·~.,,.-----~ 
Notom s Pseudom s 
Femur 0.1% (n=2000 0% (n=695) ~ 
i 
Humerus 7% (n=1365) 8% (n=216) 
~--
(The sample 'n' is not equal in both tables. In order to aviod 
repetition, only the two most numerous groups- proximal femur 
fragments and distal humerus fragments were counted for the first 
table. However, perforations were counted on all fragments and 
complete bone.) 
I I 3 
Ii i11111I1I!I111i!11I111111111I1111I1111I11111 I I Ii I V\J V\J 
Plate 5.1. Murid humeri showing damage typical of owls 
Ji 11111111111111111 ii 11111111d111111111 i I !111 I M V\111\1 
Plate 5.2. Murid femora showing damage typical of owls 
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On the basis of the evidence presented in this section, the 
presence of perforations and a high fragmentation rate for small 
mammal post-cranial material does not indicate owl pellet 
deposition. Thus either the characteristics of pellet bone material 
from feeding trials and other collections where pellets are 
examined without natural breakdown onto a cave floor (e.g. 
Kusmer, 1990) bear little similarity to the characteristics of a fossil 
collection, or Barn Owls were not the key taphonomic agents of the 
small mammal assemblage in Allen's Cave. 
The high fragmentation rate found m the small mammal 
assemblage and the presence of perforations to humeri may be a 
characteristic of other carnivore damage and further investigation 
into taphonomic signatures from the other carnivores identified in 
the deposit or known to have resided in the area around the site 
will continue in this chapter. 
"The key to addressing the question of the post-
mortem history of small animal assemblages is t~rough 
the identification and careful evaluation of several lines of 
evidence such as taphonomic composition, site structure 
and morphology along with bone fragmentation patterns''. 
(Hoffman, 1988:90) 
5. 4. Masked Owls 
5.4.1.Condition of bone from pellets 
No feeding experiments have been performed on Masked Owls 
and far fewer of their pellets have been collected from the field for 
analysis compared to those of Barn Owls. This is no doubt largely 
because Masked Owls are much less common and widespread than 
Barn Owls (Blakers er al., 1984). In addition, their call is "often 
unrecognized" according to Blakers et al. ( 1984 i which futher limits 
an accurate assessment of their distribution and habits. 
A taphonomic analysis of Masked Owl Tyro novaehollandiae 
castanops pellets from Tasmania has been undertaken by Geering 
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(1990) and this will be discussed in the following section. An 
analysis by this author of Masked Owl T.n.castanops pellets 
collected by R. Green, R. Allen and P. Duckworth also in Tasmania 
will also be discussed in relation to Geering's (1990) analysis. 
5.4.2. Damage by digestion and breakage 
5.4.2.1. Geering's analysis 
K. Geering and T. May collected an unspecified number of owl 
pellets from beneath a tree at Mt. Nelson in 1982 (Geering. 1990). 
The pellets were assumed to have been deposited by a Tasmanian 
Masked Owl Tyto novaehollandiae castinops on the basis of their 
morphology, prey species composition, the habitat in which they 
were found and a Masked Owl observed roosting in the vicinity. 
Geering's {1990) subsequent analysis of the pellets concentrated on 
species composition, 
presence of digestive 
found in the pellets. 
the proportion of bone breakage, and the 
damage for both bird and mammal remains 
The following critique of Geering's data refers 
only to the mammal remains, these being most relevant to the 
Allen's Cave assemblage. 
The largest skeletal elements in the pellets, i.e. mandibles, 
scapulae, innominates, tibiae, femorae, humeri and ulnae, were 
identified to species where possible, their maximum dimension was 
measured and they were examined under 1 Ox magnification. The 
minimum number of each individual (MNI) was estimated for each 
mammal species from the most numerous element. Rabbits 
Oryctolagus cuniculus were found to be the most common species 
followed by bandicoots (Perameles gunni and possibly /soodon 
obesulus), the Black Rat Rattus rattus and the House Mouse Mus 
musculus. This is shown in Table 5.6. below. 
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Table 5.6. 
pellets by 
Individuals 
! 
Prey 
Geering 
(MNI) 
species 
(1990), 
I Species ! 
I 
Common Brush tail Possum 
Trichosurus vuloecula 
Rabbit (introduced) 
Orvctolagus cuniculus 
Common Ringtail Possum 
Pseudocheirus oere11.rinus 
1 Long-nosed Potoroo 
I Potorous tridactvlus 
j Southern Brown Bandicoot 
i lsoodon obesulus 
J Eastern Barred Bandicoot 
I Perameles !!Unnii 
I 
1 Sugar Glider 
J Petaurus br~viceps 
I
' Black Rat (introduced) 
, Rattus rattus 
1 Swamp Rat 
i Rattus lutreolus 
I House Mouse (introduced) 
[Mus musculus 
identified in Masked Owl 
with Minimum Number of 
.... ---·~--~ ........... ~ ... ~~ .. ~ ........... 
i 1\1 NI I 
l 
l I i 
i 
I 4 I 
I 
1 
I 
identification 
not verified 
5 I 
I 
2 ' 
9 
1 
3 
It is important to note that Geering's (1990) analysis included 
estimations of the approximate age range of each mammal. This 
estimate was made from the extent of epiphyseal fusion (bone 
ossification) on the major limb bones; unfused epiphyses were 
presumed to indicate juveniles, fused epiphyses at both ends of 
limb bones indicated adults and one fused and one unfused 
epiphysis on the same limb bone indicated sub-adults. However 
Geering did not state the origin of this method or substantiate her 
results. Mandibles were also classified as adult, subadult or 
juvenile. The method of classifying mandibles into their age 
categories was unstated and similarly unsubstantiated by Geering. 
From their state of epiphyseal fusion the four largest mammal 
species; Brushtail Possum Trichosurus vulpecula. Rabbit Oryctolagus 
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cuniculus, Ringtail Possum Pseudocheirus peregrinus and the Long-
nosed Potoroo Potorous tridactylus were all designated as juveniles, 
whilst the smallest mammal species - bandicoots ( Perameles gunni, 
Isodoon obesulus), Sugar Gliders P.breviceps, rats (Rattus rattus, 
R.lutreolus) and House Mice Mus musculus were classified into both 
adults and juveniles. Geering (1990) concluded that a positive 
correlation existed between the age of an individual and the degree 
of digestive damage on its limb bones; juveniles were found to 
suffer greater damage than adults, due to the absence of epiphyses. 
However, Kingsmill (1962) in her study of radiographs of the 
wrist, knee and ankle in Long-nosed Bandicoots Perameles nasuta 
concluded that the extent of epiphyseal fusion did not positively 
correlate with age. Only two age classes could be identified on the 
basis of epiphyseal fusion in a sample of 7 individuals; 0-4 months 
and over 4 months. P. nasuta does not sexually mature until at 
least 5 months of age (Stodart, 1983), thus Kingsmill's two age 
classes do not necessarily distinguish adults from juveniles. No 
published information exists for other bandicoot species but from 
this one report it is obvious that epiphyseal fusion cannot 
necessarily be used in general to separate bandicoots into the three 
age classes (juveniles, sub-adults and adults) used by Geering 
(1990). This may explain the contradiction in Geering's (1990) own 
data, which categorises Eastern Barred Bandicoots P.gunni by their 
mandibles into one adult and 7 subadults, but categorises the post-
cranial elements as 4 juvenile humeri, IO juvenile ulnae, 2 adult 
innominates and 
post-cranial limb 
this is unlikely 
pellets. 
5 juvenile ischia. It could be argued that the 
bones are not associated with the mandibles, but 
in a collection of similarly aged and deposited 
Kingsmill (1962) used a similar method on which to test the 
correlation between age and epiphyseal fusion in Brush-tailed 
Possums Trichosurus vulpecula . Her results indicated this species 
can be divided into three age classes; 177-488 days, 488 days to 
about 1519 days and older than 1519 days. Brushtails are known 
to mature at about one year old (Tyndale-Biscoe, 1973) On this 
basis, Kingsmill's first group consists of juveniles and adults, and 
her second and third groups of older adults. 
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Furthermore, there is no evidence in any of the published 
literature to suggest that fusion for proximal and distal limb bone 
ends in eutherian mammals occurs at different times; apophyseal-
epiphyseal fusion takes place at both ends simultaneously 
(Kingsmill, 1962 )(Tyndale- Biscoe, 1973 ). Rabbits have been 
studied by Watson and Tyndale-Biscoe (1953 ). No other native 
mammals or marsupials have been studied for growth rates and 
epiphyseal fusion thus no conclusions can be drawn for the 
remaining species present in the J\.ft. Nelson pellets studied by 
Geering. 
However, although no correlation can be drawn between age 
and degree of digestive damage, Geering (1990) clearly showed in 
her analysis that there is indeed a positive correlation between the 
absence of an epiphysis and the degree of digestive damage 
suffered by the exposed, more porous apophyseal surface. 
The digestive damage identified by Geering was described on 
diaphyses as varying from; 
" ... pitting of the outer compact bone and smoothing of 
the epiphyseal surfaces, to complete removal of portions 
of outer cortical bone and epiphyseal surfaces". (Geering, 
1990:139) 
Digestive damage was identified on 53 - 97% of the mammal 
bone, occuring in particular on the distal femur and proximal tibia. 
Geering suggested that digestive damage would be a "useful 
criterion for identifying owl deposited bone". particularly in mixed 
deposits where species composiuon and proportion of bone 
breakage will be less useful." (Geering, 1990: 141 ). However, as 
discussed in Section 5.4.2 above, digestive damage is not consistent 
or always obvious on Barn Owl prey bone whereas digestion is very 
obvious on the prey bone of Masked Owls. Thus the specific type 
of digestive damage described by Geering is not a criteria for 
identifying the presence owls generally, but can certainly be used to 
indicate the presence of Masked Owls. 
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The amount of broken bone was far less than that showing 
digestive damage, and using a chi square test Geering (1990) found 
no correlation between breakage and digestive damage. The ramus 
of unfused ischia had the highest rate of breakage (88% ), followed 
by the blade and coracoid process of scapulae (70% ). Crania were 
also found to suffer consistent breakage to the base, which Geering 
associated with method used by Masked Owls to kill their prey. In 
fact, Geering believed that for all elements the; " ... breakage of bone 
in the Mt. Nelson owl pellets is attributed to the killing and eating of 
the prey" (Geering, 1990: 141 ). However, her conclusion needs to 
be put into context. 
One of Geering's sources of information on the methods of 
"killing and eating" describes owls generally, not Masked Owls 
specifically (Prestt and Wagstaff, 1973). It cannot be accepted that 
all owls behave in a similar manner when hunting and feeding, thus 
this source of information is misleading when used in a report 
dealing specifically with one species of owl. Geering's other source 
of information (Schodde and Mason, I 980), does refer specifically to 
Masked Owls; it states that small prey are swallowed whole whilst 
larger prey are eaten piecemeal. However Geering's (1990) own 
data records that similar breakage occured on equivalent post-
cranial elements (scapulae and ischium) to both the two largest 
prey animals (Brush tail Possums and Rabbi ts) and the two smallest 
(House Mice and rats), regardless of the supposed difference in 
methods of killing and eating large and small prey. Thus hunting 
and ingestion do not fully explain breakage of post-cranial pellet 
bone. 
The digestive damage caused by Masked Owls appears to be 
unique amongst Australian cave-inhabiting owls, and perhaps 
amongst raptors generally. Geering has shown that the 
identification of equivalent digestive damage on bones from a fossil 
assemblage can be used to identify Masked Owls as a specific 
taphonomic agent. This is confirmed and supplemented by the 
following analysis of this author. 
5.4.2.2. Present author's analysis 
Two collections of Masked Owl Tyto novaehollandiae castanops 
pellets from the Queen Victoria Museum, Launceston were made 
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available for analysis by the present author. The first collection of 
94 complete pellets and some loose material from a roosting site at 
Triabunna was made by Mr P. Duckworth during 1980 and 1981. 
The second collection of 35 pellets and "disassociated bones from 
broken pellets and discarded carcase remains" from beneath a 
nesting site at Pateena was made by R. Green and R. Allan in 1982. 
The former collection was analysed and the results reported by 
Green and Rainbird (1985) whilst the latter was reported upon by 
Green (1982). Part of both collections were made available to this 
author in 1989 in order to analyse the damage to the prey bone. 
Of a total of 120 pellets, 90 were from the roosting site at 
Triabunna and 30 from a nesting site at Pateena. It was this 
author's initial expectation that damage to prey bone may vary 
between the nesting and roosting site due to differences in prey 
dismemberment and ingestion by adult Masked Owls when feeding 
young. However no evidence of this was found in these samples, 
although the sample was too small to draw a definitive answer to 
this question. 
Pellets from both sites consisted mostly of the fur and bones 
from small murids and rabbits, as outlined in the published reports 
(Green, 1982; Green and Rainbird, 1985). Breakage of limb bones 
was rarely recorded but epiphyses had invariably become detached, 
although they were often present in the pellet material. Corrosion 
of limb bone ends matching the digestive damage described by 
Geering (1990) was found to occur most commonly on the distal 
femur and proximal humerus. As was described in Sections 5.2 
and 5.4 above, damage is most likely to have resulted from 
digestion. Furthermore, the extent of damage appeared to be 
greatest on unfused apophyseal surfaces, supporting Geering's 
(1990) results. No attempt was made by the present author to 
assess age on the basis of epiphyseal fusion, considering Kingsmill's 
(1962) results, discussed in Section 5.4.2. J above. 
This form of corrosion appeared to leave the damaged areas 
with a very thin layer of cortical bone which was susceptible to 
either complete or incomplete fissures on the surface. Fissures 
were most common on the distal humerus and proximal femur but 
also occured on the distal calcaneum, proximal radius, proximal 
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tibiae and iliac. An example of this type of damage is shown m 
Plates 5.3 • 5.7. 
Plates 5.3. · 5.6. 
Masked Owls. 
Rabbit bones showing damage typical of 
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Plate 5.7. Rabbit scapulae showing damage typical of 
l\1asked Owls. 
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Plate 5.8. Perameles scapulae from Pit E4, Allen's Cave. 
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Plate. 5.8A Devil tooth marks on macropod bone 
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Fissures were located both on the surface of the bone shaft and 
on the exposed proximal or distal apophyseal surface. Some 
fissures were irregularly-shaped on the bone surface (see Plate 
4.3.), quite unlike the depressed or conical fracture which defines 
carnivore puncturing. Other fissures were generally spherically-
shaped holes and these occured more often at the proximal limb 
bone end rather than the distal. The diameter of this type of 
fissure was constrained by the diameter of the bone shaft itself. 
Examples of this form of damage are depicted in Figure 5. l., 
numbers 4a, 6a and 7a. By contrast the irregularly-shaped fissures 
are more variable, not being constrained by bone shaft diameter 
and varied between LO mm and 4.0 mm in their maximum 
dimension. Both forms of fissure are an extended form of digestive 
damage to the limb bone surfaces. 
Pelves from the largest mammals were generally disarticulated 
whilst small mammal pelves were complete except for an 
occassional breakage between the pubis and ischium. Scapulae 
generally suffered damage to the fossae edges and breakage to the 
glenoid processes, giving the "feathery" appearance described by 
Dodson and Wexlar (1979) and Marshall (1986) for scapulae from 
Barn Owl pellets. This is shown clearly in Plate 4. 7. 
A string of articulated vertebrae were found in one of the 
pellets all of which showed damage to the processess. 
Mandibles and maxillae of small murids and rabbits were 
usually complete with all teeth present but occassionally the 
maxillae was represented by the dental plate only. Rabbit 
mandibles were occassionally found to have suffered damage to the 
incisor area which exposed the root, and to the coronoid process; 
both suffered breakage or attrition of the bone surface. 
The largest mammals (Rabbits) were found to have a higher 
incidence of damage than the smaller mammals to the bone surfaces 
and limb bone ends, such as corrosion and perforations. This 
supports the findings of published reports for owl pellet bone 
generally (Geering, 1990; Dodson and Wexlar. 1979; Marshall. 1986; 
Hoffman, 1988). Such damage does not appear to be caused in the 
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transporting or eating of prey, as discussed in the previous 
comment on Geering's ( 1990) analysis. 
On the bones of small birds deposited by raptors in North 
American cave and lakebed sites, Livingston identified punctures 
which she described as small depression fractures and which she 
attributed to raptor talons. She found that these were 
" ... most likely to occur on the axial skeleton and 
proximal ends of the proximal appendicular skeleton if 
inflicted during the kill, but could occur anywhere on the 
anatomy of a prey individual that was disarticulated as it 
was consumed" (Livingston, 1988: 196-7) 
This description clearly differentiates Livingston's "punctures" 
from the perforations found on the Masked Owl prey bone 
described in Geering's analysis and that of the present author. 
Punctures caused by talons are non-specific, whereas those caused 
by digestion are specific to the proximal humerus. distal femur and 
proximal tibia. Chemical digestion in Masked Owls is far more 
damaging than that in Barn Owls and consequently far more readily 
recognised. Damage may also occur during prehension and 
ingestion, as discussed for the Barn Owl earlier. A rabbit humerus 
in Plate 4.6. shows a triangular shaped puncture which is a clear 
example of puncturing caused by the beak or talons. The manner 
m which this occurs is discussed in the following section. 
5.4.3. Hunting method 
Hunting strategies of Masked Owls involve searching on the 
wing and "post-pouncing" similar to Barn Owls (Schodde and Mason. 
1980). Masked Owls are noted as generally opportunistic. They 
follow fires and cattle, both of which flush out small animals, and 
wait beside roads (1980). Masked Owls use hearing more than 
sight to detect and follow prey (this applies generally to masked 
owls as a group). Masked Owls pick up sound impulses most 
accurately when the source is directly in front, by means of 
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unequally sized ear openings which constantly adjust to the 
direction of prey (Schodde and Mason, 1980). 
5.4.4. Eating behaviour 
Schodde and Mason (1980) described Masked Owls as carrying 
lighter prey in the bill or feet to a perching site and "gulped down 
whole": large carcasses too heavy to carry are roughly 
dismembered with the bill and eaten piecemeal on the ground; the 
head is pulled of first and swallowed whole. Mooney (1989) 
suggested that because of its large gape, the Masked owl is able to 
swallow its prey whole or in large pieces. Green and Rainbird 
found no evidence in pellet material to suggest that "skulls or post-
cranial bones (were) crushed before being swallowed" (Green and 
Rainbird, 1985:5). 
It is difficult to predict on the basis of the above information 
the extent and form of damage to prey bone caused by prehension 
and ingestion. The most obvious and recurrent form of damage 
recorded in the pellet material analysed by Geering (1990) and by 
the author is due to digestion. However, as indicated in Plate 4.4, 
occassional damage may occur during prehension and ingestion. 
The pellet material did not contain crushed craniums or other signs 
of prey being severly dismembered prior to ingestion. 
5.4.5. Interpreting 
archaeological sites 
Masked Owl pellets in 
It is this author's hypothesis that the Masked Owls' way of 
hunting may give an advantage to some prey species over others, 
depending on the prey species' individual feeding and cover 
habitats. This could explain records of Perameles sp. outnumbering 
I soodon obesulus in numerous cave sites, as noted by Merri lees 
(1968), and similarly the lower numbers of Lepori/lus sp. (Stick 
Nest Rats) found at Allen's Cave compared to other smaller murids. 
(see Appendix I) The ratio of one species to another from the same 
taxonomic group may not necessarily reflect biodiversity on the 
ground, a factor which has sometimes been used to interpret 
palaeoclimatic changes. (Merrilees. 1968). 
Mooney (l 989) found in his study of Masked Owls in Tasmania 
that although Brushtailed Possums were locally abundant in his 
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study area and of high food value they were rarely taken. This was 
suggested as due to their aggressiveness, a characteristic also 
recognised in quolls and suggested as a deterrant to owls. 
However, it may be that they are more difficult for Masked Owls to 
locate by hearing than other similarly sized mammals due to their 
aboreal habits. 
The use of prey species in Masked Owl pellets must be 
interpreted cautiously: the contents of the · pellets may not be 
representative of available prey population. 
5. 5. Evidence for Masked Owl deposition in Allen's Cave 
Damage to the scapulas of medium prey in the Allen's Cave 
assemblage was found to be similar to that found in analyses of 
Masked Owl pellet bone (Geering, 1990; and this author, as 
described above). This is shown in Plates 4.7. and 4.8. 
Damage to prey bone by digestion in Masked Owls, as described 
by Geering (1990) and by this author, has been identified on prey 
bone in the assemblage from Allen's Cave (Plate 4.9. and Figure 5.1., 
4a, 6a, 7a). Bandicoots, Perameles bougainville, form the largest 
prey group displaying the specific digestive damage described, 
followed by Stick Nest Rats, Leporillus conditor and L. apicalis. 
Percentages of fissures caused by digestion in humerus and femurs 
for these two groups; Bandicoots and Stick Nest Rats is given in 
Table 5.7. 
Table 5. 7. Percentages of femurs and humeri of medium 
sized prey showing digestive fissures. 
Bandicoots Stick Nest Rats 
Femur 1 % (n=701) 0. 1 % (n=249) 
Humerus 7% (n=812) 4% (n=l66) 
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Figure 5.1 Bone debris from Masked Owl pellets 
and mammalian carnivores 
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It was also found that the limb bones from both Bandicoots and 
Stick Nest Rats were unexpectedly fragmented, as found earlier for 
prey weighing less than 80 grams. The breakage rate recorded 
for femurs and humeri of Bandicoots and Stick Nest Rats is given in 
Table 5.8. 
Table 5.8. Breakage rate ( % ) for femurs and humerus of 
medium sized prey. 
·~-----..-, 
' 
Bandicoots Stick Nest 
! 
Rats ' 
Femur 46% (n=497) 55% (n=214) 
Humerus 37% (n=684) 27% (n=123) 
(once again 'n' differs in Tables 5. 7. and 5.8. due to the 
avoidance of repetition in counting fragmented limb bones.) 
The above tables show that about half of the femurs and one 
third of humeri from the medium prey group in the Allen's Cave 
assemblage are fragmented. This is an unexpectedly high. rate for 
Masked Owl pellet bone and once again reflects the inadequacy of a 
pre-deposited collection of pellet bone to reflect the characteristics 
of smaller mammal fossil assemblages. For this reason, a sample of 
fossil pellet bone was obtained for analysis. 
Analysis of a fossil pellet bone assemblage 
A sample of bone debris from a limstone cave near Canberra, 
Douglas Cave, was obtained by the author to record the breakage 
rate of small and medium sized prey. The details of the excavation 
of Douglas Cave are given in Appendix 3. The sample is dated to 
approximately l 0,000 years old and is not associated with human 
occupation. The species range from murids lo bandicoots. The 
damage on the limb bones and the size of the prey indicate 
deposition by Masked Owls and possibly also Barn Owls. Thus the 
Douglas Cave sample is on many levels comparable to the smaller 
prey assemblage from Allen's Cave. 
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Using the same method of recording breakage rates for small 
and medium sized prey from Allen's Cave the following data was 
obtained. 
Table 5.9. Breakage rate for small murid femurs and 
humeri from Douglas Cave. 
I Bone f Total no. 
tfemur 
[humerus 
l 374 33.4 
I 269 13 .4 
The breakage rate for the Douglas Cave material is lower than 
that found for similar material from Allen's Cave but comparable to 
that reported by Worthy (1994). 
Worthy (1994) has recently reported unexpected breakage of 
limb bones from small and medium sized prey from a Pleistocene 
deposit in New Zealand. This deposit has been attributed to an 
extinct species of owl and has no evidence for human occupation. 
The breakage rate for the major limb bones of the smaller 
mammals from Allen's Cave remains uncharacteristic of both a 
recent pellet bone collection and a fossil pellet bone collection. 
Further possibilities need to be explored and other carnivores 
considered as potential depositors of smaller prey in the site. 
5.6. Mammalian Carnivores 
The smaller prey assemblage from Allen's Cave exhibits 
characteristic damage attributed to Masked Owls. However the 
higher than expected breakage rate amongst the major limb bones 
of this group requires explanation. The condition of bone from the 
large prey group in the assemblage indicates mammalian carnivore 
deposition. Their role in both the deposition and modification of 
both smaller and larger prey bone will be evaluated in the following 
sections of this chapter by discussing individual habitat and den 
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preferences, prey range, hunting and feeding patterns and bone 
deposition and modification characteristics. 
5.7. Quolls 
5.7.1. lntroduction 
As described in Chapter 2, the Western Quoll Dasyurus geo.ffroii 
was identified in the fauna! assemblage from Allen's Cave. The 
Western Quoll, D. geoffroii, differs from its closely related eastern 
counterpart. D. viverrinus, by possessing a first toe on the hindfoot 
and a darker tail (Arnold, 1983) Otherwise, their behavior and diet 
is by all accounts similar. 
5.7.2. Habitat 
Ride (1970) records dry sclerophy II forest as the common 
habitat of the Western Quoll, to which Godsell et al .. (1984) adds 
scrub and heathland. Troughton 8(1946, 1953) describes it as a 
nocturnal animal which "sleeps throughout the day in small caves or 
holes amongst rocks or in hollow logs emerging at dusk." Godsell 
(l 984) notes that the Eastern Quall of southern Tasmania prefers to 
construct its own burrow for use as a den. These burrows vary 
from quite simple affairs to a complex system of interconnecting 
burrows with many entrances. 
Qualls are noted to be very active climbers (Troughton, 1953; 
Ride, 1970, Arnold, 1983 ). 
5.7.3. Diet 
Quolls are unselective opportunistic feeders (Green, 1967), 
killing a range of prey from insects to small birds and mammals and 
scavenging from carcasses of larger animals. 
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"Ground nesting birds and small mammals such as 
bandicoots, rabbits and rats are frequently eaten and the 
carcasses of larger animals such as wallabies, possums 
and sheep are scavenged when available." (God sell, 
1983:20) 
However, this needs to be placed against other evidence 
accumulated by Godsell (1983) for Quolls having a largely 
insectivorous and vegetarian diet. Insect larvae, mature insects 
and vegetation represented from 55-84% of the major food items 
found in scats from Eastern Quolls (Godsell et al., 1984). A similar 
diet was found in a more detailed survey of Quolls in the Upper 
Henty River region of Tasmania (Taylor, 1986). Blackhall's (1980) 
study of scats from Eastern Quolls in southern Tasmania strongly 
emphasized the importance of insects in the diet, particularly 
larvae, which were found 10 constitute the bulk of the diet. A 
major food item for the Qualls in this study was a moth larva known 
as the southern army worm, Persectania ewingii. 
House mice were less apparent in the scats, leading Blackball to 
suggest that they were either uncommon in the region or unfavored 
as a food item. Green (1967) found Tasmanian Eastern Quolls 
concentrated on corbie grubs as well as scavenging dead wallabies. 
Trough ton (1946) cites Quolls as eating smal 1 reptiles and fish but 
does not state how the latter were obtained. Fleay (l 932) found 
captive Eastern Quolls were very fond of fish, which they would 
retreat with and devour in seclusion. He also found them to 
"relish" rabbits, birds and frogs. Troughton (1953) noted that 
Eastern Quolls readily acquired an appetite for the "blood of 
poultry" which once tasted led them to habitually return regardless 
of food requirements. 
It can be concluded that Quolls are indeed opportunistic 
feeders as originally suggested by Green ( 1967) capable of 
consuming or scavenging a range of prey. However, they 
commonly appear to concentrate on insects rather than small 
mammals, birds or reptiles when hunting in the wild. 
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5. 7.4. Hunting, scavenging and eating behaviour 
Very little information exists on the hunting behavior of non-
captive Quolls. Blackball (1980) records that in the Huon River 
area, Tasmania, Eastern Quolls emerge just before sunset and 
disperse over pasture to forage in the grass and under logs, 
pouncing on their prey, pinning it down and devouring it. Fleay 
(1932) observed a recently trapped and caged Tiger Quoll, D . 
maculatus, to kill its prey (rabbits) by a "powerful bite at the base 
of the skull, or in the neck after leaping on the victim" (Fleay, 
1932). Although it cannot be assumed that the smaller Western 
and Eastern Quolls, D. geoffroii i and D. viverrinus, kill in a similar 
manner to the much larger and more aggressive Tiger Quoll, 
Troughton describes Eastern Quolls as; " .. springing with astonishing 
speed on a victim, usually making the kill by a bite across the back 
of the head" ( 1953:90). However, whether Troughton's account 
came from personal obsevation or from anecdotal evidence is not 
stated in his report. 
Buckland (1954) stated that Wesrern Quolls, D. geoffroii, had 
killed and dragged a small pademelon into a cave at Jurien Bay, 
\Vestern Australia. This report was based on the coincidence of a 
freshly killed and partly eaten pademelon being in the doorway of a 
cave believed to have been used by quolls. It may equally well 
have been scavenged. However Fleay (1932, 1935) found "dining-
lairs" under heaped-up boulders associated with quolls in the 
Victorian area of Corangamite. These he described as containing 
" .. piles of old sheep and rabbit bones. Some of these 
were surprisingly large to be dragged to the lairs by 
Viverrine Dasyures (sic), but experience of the little 
animals in captivity has shown me that such feats are of 
usual occurence. The sheep bones are brought from 
slaughter places, some distance from the lair." (Fleay, 
1932:63) 
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This distance Fleay (1935) estimated to be "quite half a mile". 
Thus it would appear that quolls are certainly capable of dragging 
sizeable objects for some distance, preferring to eat in the 
protective safety of a den rather than in the field. Although Fleay 
1932:64) provides a photograph of the "piles of old sheep and 
rabbit bones" unfortunately no description of the condition of the 
bone accompanies it. The photograph itself is insufficient for 
discerning with accuracy any details of damage to the bone, except 
to note that it is relatively intact. 
Bonnin (1967) housed a captive Eastern Quoll D. viverrinus for 
some time which was fed mostly (road-killed) domestic pigeons. 
When consuming a pigeon's head and neck the quoll was observed 
to start " ... at the beak and eat progressively towards the neck, 
leaving only the crop ... " (Bonnin, 1967:30). Small birds such as 
sparrows would be eaten without a trace remaining. 
5.7.5. Scat bone 
Lundelius (l 966) collected faeces from caged Tiger Cats (sic), D. 
maculatus, and Native Cats (sic), D. geoffroyii, which had been fed 
rats for several days. The scats of D. geoffroyi i measured less than 
8 cm in length and 1 - 1.5 cm in diameter. A photograph of the 
scat material from D. geoffroyii accompanies the report showing, 
not unexpectedly, highly fragmented bone. These fragments were 
not measured but the photograph was recorded as showing them to 
0.9 times their natural size. The photograph is not particularly 
clear but it can be roughly estimated that the largest, most visible 
fragment is approximately 10 mm in length. 
Bonnin (1967) recorded that stools from a captive Eastern Quoll 
D. viverrinus measured 8 mm in diameter and 6 mm in length, but 
gives no information on scat bone size. 
The analysis of quoll scats by Lundelius (l 966) and Blackhall 
(1980) concentrated on prey species composition rather than the 
condition of prey bone. 
Wakefield (J 960) described two cave sites (M27 and M28) 
near the Pyramids in Victoria as being "undoubtedly dens of the 
Eastern Native Cat (Dasyurus quoil), (sic. read Eastern Quoll D. 
viverrinus). \Vakefield based his opinion purely on the species 
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compos1t10n not the state of the material. From observations made 
by Fleay and Buckland, Wakefield believed Quolls habitually 
dragged prey into dens such as caves and devoured some of the 
carcass. If this were so, the bone debris from M27 and M28 should 
consist of relatively complete bone showing signs of damage by 
carnivore teeth and highly fragmented scat bone with signs of 
digestion. This author, having viewed the bone material collected 
by Wakefield from M27 and M28 (presently held in the National 
Museum of Victoria) concluded that the material was certainly not 
derived from scats, as it consisted mostly of complete limb bones. 
Extensive damage to the limb bone ends was obvious, but much of 
this damage appeared characteristic of digestion by Masked Owls 
rather than by the teeth of carnivores (Geering, 1990, and Section 
5.4 of this thesis). Only a limited analysis was possible at the time 
and it is this author's opinion that the collection needs an extensive 
analysis to determine its true origins. 
5.7.6. Conclusion 
It is obvious from the above information that there is an acute 
lack of data with which to determine the presence of bone debris 
from quoll scats or meals at Allen's cave. If bone fragments were 
deposited in scats, these may have been too small to have been 
retained by the 8 and 5mm sieves used to sieve the material from 
the site. An analysis of scat debris from the larger Tiger Quoll 
D. maculatus, (Appendix 2) indicated an average size of 5 mm for 
scat bone. Thus it is expected that the average length of scat bone 
from the smaller quoll would be less than 5 mm, and therefore lost 
from the assemblage. 
Meal debris may show 
puncturing, as expected from 
tooth marks, gnawrng 
carnivores generally. 
and/or 
On the 
available evidence there is no basis on which to recognise Quoll 
deposited material at Allen's cave. However, if these animals are 
largely insectivorous, it is unlikely that they would have been a 
major depositor at the site. Their presence at the site, between 
spits 7-26 over about 15,000 years, may well have been due to 
their status as prey rather than predator. The average weight for 
male Western Quolls, is given as 1300 gm and 850 gm for females 
(Arnold, 1983) and is within the prey size range recorded for 
Masked Owls (Section 5.4). 
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Their role as bone modifiers is equally difficult to assess, 
however, on available information, it is possible that Quolls may 
have left evidence of gnawing on human-deposited food debris. It 
is unlikely that Quolls would have used Allen's Cave as a den 
considering the preferences outlined by Trough ton (1954) and 
Godsell et al (1984), as discussed previously. Thus it is unlikely 
that scavenged carcass pieces would have been dragged into the 
site. 
5. 8. Tasmanian Devils 
5.8.1. Fossil Record 
Tasmanian Devils Sarcophilus 
Tasmania but extensive fossil finds 
harrisii are now confined to 
indicate their earlier presence 
on mainland Australia. A specimen from Cave 1. Turner Brook. in 
south-western Western Australia has been dated to approximately 
500 years BP (Archer and Baynes, 1972). However this date is not 
secure (A. Baynes pers. comm.) and it is generally accepted that 
Tasmanian devils disappeared from the mainland approximately 3-
2,000 years ago (Archer, 1984). · 
5.8.1. Habitat 
Guiler ( 1970) found that Tasmanian Devils were most 
numerous in coastal heath and sclerophyll forest, avoiding cleared 
places; he consequently suggested these habitats to be the preferred 
ones. Lord and Scott (1924) by contrast, reported devils to be more 
conservative in their habitat than Thylacines, being " ... content to 
dwell in the rocky and almost inaccesible portions of bush". 
However. this must be put into the context of animals which at the 
time were openly hunted and possibly driven from areas normally 
inhabited. This is supported by the fact that now Tasmanian Devils 
are protected they are presently found in all parts of Tasmania 
including the outer suburbs of Hobart (Guiler, 1983 ). 
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5.8.3. Dens 
The making of dens by Tasmanian Devils in caves, hollow logs, 
wombat holes, cavities formed by upturned tree roots and in dense 
bush has been recorded by Fleay (1952), Green (l 967) and 
Stan bury ( 1970). 
Dens are usually occupied during the day, with foraging 
generally occuring at night. Guiler (1983, l 978) found that 
Tasmanian Devils tended to avoid open spaces when foraging at 
night, preferring instead to move along certain well-defined trails. 
This is strongly disputed by Menna Jones (pers. comm., 1993) who 
after tracking Tasmanian Devils with a spool and line found that 
although they did avoid open country, they only occassionally used 
tracks and tended to travel cross-country, often in very dense 
vegetation. 
Guiler (1970), and Marshall and Cosgrove (1990), suggested 
that Tasmanian Devils do not practise latrine behavior and tend to 
defecate in any place, thus littering dens, trails and eating places 
with scats. This is disputed by Menna Jones who has observed 
concentrations of scats "around dens containing cubs and 
rockshelters that appear to be used as liason and latrine sites .. " (M. 
Jones pers. comm. 1993). 
It is common for a number of Tasmanian Devils to feed 
together on a carcass and the larger carcass is, the more Tasmanian 
Devils which will congregate (Green, l 967, Guiler. 1983 ). 
On the basis of the above information prey bone deposited rn 
dens by Tasmanian Devils would accumulate erratically, if at all and 
it cannot be expected that bone from one prey animal will be 
defecated at the same site or by one carnivore alone. 
Marshall and Cosgrove (1990) felt it unlikely that bone other 
than from scats would appear in a cave, as Tasmanian Devils are not 
noted for dragging prey into dens. However they did suggest that 
Tasmanian Devils may occassionally take small prey or parts of 
larger prey into a den. Although M. Jones believes that they drag 
prey no more than a couple of hundred metres (to avoid 
competition with other Tasmanian Devils). she also observed on 
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occassion a number of inedible skeletal elements lying within cave 
and rockshelter sites known to be used by Tasmanian Devils. 
Tasmanian Devils tend to regurgitate food for young rather 
than drag back carcass parts. 
It is not known if Tasmanian Devils have only one den at a 
time or randomly use an assortment of secure sleeping sites. 
5.8.4. Prey 
In 1808, G. P. Harris noted that Tasmanian Devils probably 
".,prey on dead fish, blubber etc. as their tracks are frequently 
found on the sands of the sea shore." (Harris, 1808: 177). This 
early hypothesis has in fact been supported by analyses of stomach 
contents from snared Tasmanian Devils, one of which was found to 
contain marine crabs and fish scales (Green, 1967). Obviously, a 
littoral diet would depend upon the Tasmanian Devils proximity to 
the seashore. Stomach contents of Tasmanian Devi Is inhabiting 
areas away from the coast have revealed remains of; native rats, 
pygmy possums, bandicoots, ringtail and brushtail possums, quells, 
potoroos, wallabies, wombats, echidnas, Tasmanian Devils, lizards, 
snakes, insects and birds (Guiler, 1964, 1970, Green, 1967, Taylor 
1986). 
Buchmann and Guiler (1977) fed small birds and mammals of 
varying sizes to captive Tasmanian Devils and found that all were 
readily devoured. 
5.8.5. Hunting, scavenging and eating behaviour 
Unlike Tasmanian Tigers. the feeding habits of Tasmanian 
Devils have been observed closely in both field and laboratory 
situations. They are undoubtedly able to crush and consume large 
fragments of bone from mostly scavenged kills (Fleay, 1952; Guiler, 
1964, 1970, 1978; 1983a; 1983b; Green, 1967; Buchmann and 
Guiler, 1977; Taylor, 1986) Tasmanian Devils are bone crunchers 
who by virtue of their dentition and cranial morphology are capable 
of crushing and ingesting almost all skeletal elements, with the only 
e.xeceptions being macropod pelvic bones and wombat skulls 
(Guiler. 1970, 1964 ). Furthermore, their determination to ingest 
virtually anything faintly reminiscent of carrion 1s almost 
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legendary, for example the much-cited gumboot found in one 
Tasmanian Devil stomach by Guiler (l 970). Ride (1970) stated 
that Tasmanian Devils avoid any jaw fragments bearing teeth, but 
this has not been supported by field observations (Guiler 1964, 
1970) or scat analysis (Marshall and Cosgrove, 1990). 
Green (1967) noted Tasmanian Devils' lack of "swift aggresive 
movements". This was singularly displayed during an experiment 
by Buchmann and Guiler (1977) in which live mature rats were 
placed with Tasmanian Devils which had been caged and observed 
for a number of years. The Tasmanian Devils generally reacted 
with fear and confusion, leaving the rats to take over the cage and 
consequently establish themselves in the bedding. Those 
Tasmanian Devils who did manage to kill a rat only managed to do 
so by clumsy ill-oriented bites, suffering retaliatory bites 
throughout. This clumsiness and ineptitude at dealing with the rats 
was noted by Buchmann and Guiler (1977) to be in sharp contrast 
to their efficient feeding. As far as carrion was concerned, 
Tasmanian Devils were able to bolt large chunks. crushing and 
swallowing the bones (Buchmann and Guiler, 1977). However, this 
latter statement, verified by Green who also found stomach contents 
from snared Tasmanian Devils to be poorly masticated, may be the 
only part of the experiment by Buchmann and Guiler (1977) which 
has any application to taphonomy, considering the truly artificial 
nature of the program and the use of animals which were bred in 
captivity. 
Guiler ( J 964, 1970) noted that, as a result of this method of 
ingestion, it was not unusual to find the complete feet of smaller 
prey such as bandicoots and rabbits in the stomachs of snared 
Tasmanian Devils. 
However, there is anecdotal evidence for Tasmanian Devils 
having some ability to hunt pademelons and birds. Some farmers 
believed them quite capable of taking live hens (Guiler, 1964) and 
young Tasmanian Devils have been recorded as being adept tree 
climbers, able to stalk nesting birds and possums (Stanbury, l 970, 
Guiler, 1983). Menna Jones (pers. comm< 1993) has found devils of 
all ages to be adept tree climbers and quite able to scramble up 
cliffs and along rock ledges IO enter rockshelter areas" Fleay 
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(1952) recorded Tasmanian Devils to be keen hunters as well as 
natural scavengers. 
The suggestion that Tasmanian Devils are hunters has also been 
supported by Taylor's (1986) analysis of scat material collected 
after trapping Tasmanian Devils in the Upper Henty River region of 
Tasmania. Ringtail possums were found to constitute a substantial 
part of the diet of these Tasmanian Devils. although it was 
suggested that possums may equally well be killed on the ground as 
in a tree (Taylor, 1986). Taylor also found blowfly larvae in two of 
the scats, indicatative of the scavenging nature of Tasmanian Devils. 
However, Taylor considered " . .it unlikely that all of their diet could 
be obtained in this way" (1986:9) Although not disputing Guiler's 
(1983a) belief that Tasmanian Devils are probably too slow to run 
down their prey, Taylor felt that the many roads and tracks in his 
survey region could be used by Tasmanian Devils for stalking, 
which was not the case in Guiler's more densely vegetated survey 
regions. 
The suggestion that Tasmanian Devils can be considered to 
have some hunting ability supports the belief held by Schaller and 
Lowther (1967) that " ... there is no ecological room . fo~ a total 
scavenger". Schaller and Lowther (1967) found no evidence that 
any predator abandons enough of its kill to allow any other species 
to survive purely from scavenging. No doubt Tasmanian Devils are 
truly opportunistic feeders, as indeed other smaller Dasyurids 
(Eastern and Western Quolls and Spotted-tailed Quolls) have been 
shown to be (Green, 1967, God sell et al, 1984 ). Furthermore, the 
inept killing behavior of the Tasmanian Devils observed by 
Buchmann and Guiler (1977) which led to the very firm belief that 
they were first and foremost scavengers, may merely reflect 
abnormal behavior by disoriented and confused caged animals. 
Thus, although it cannot be disputed thai Tasmanian Devils 
scavenge carcasses of any size, credence should be given to some 
hunting ability, the extent of which varies according to the 
particular environment. 
Tasmanian Devils have not been found to drag prey into dens 
and leave uneaten meal debris behind (Marshall and Cosgrove. 
1990). Considering their methods of hunting. scavenging and 
ingesting as discussed above. bone accumulations deposited by 
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Tasmanian Devils would consist largely, if not entirely, of fragments 
derived from scats. Tooth-marks may occur on scat deposited bone 
and, to a lesser extent, on uneaten debris. Carcass debris dragged 
into a site is expected to be a negligible part of a total assemblage. 
The methods used by Tasmanian Devils for hunting and 
scavenging would not cause distinctive skeletal damage to prey. 
Only after identifying tooth marks and scar bone uniquely 
associated with Tasmanian Devils will bone modification 
attributable to Tasmanian Devils be recognised. 
5.8.6. Toothmarks 
An analysis of Tasmanian Devil scat bone and tooth-marks on 
uneaten meal bone collected during a feeding trial was undertaken 
by Douglas, Kendrick and Merrilees (1966). Two captive 
Tasmanian Devils were fed whole carcasses of two Brushtail 
Possums, Trichosurus vulpecula, and two Bandicoots, Is o od on 
obe s u I us, and one part carcass . of a Western Grey Kangaroo, 
Macropus fuliginosus. Although the resulting scat bone was only 
briefly described as " ... bone chips of generally similar size'', a fuller 
description of the uneaten bone debris was provided in the caption 
to a photograph in the published report by Douglas et al.; 
" ... roughly circular 
complete rn front, but 
punctures; 
with rear 
mandibular ram1 
ends irregularly 
fractured; irregular embayments part way along bones 
similarly fractured ends in bones of similar size; fractures 
incompletely separating chips from shafts of bones; 
fractures in bones of 
than Sarcophilus can 
(Douglaset al.l 966:89) 
such size that 
hardly have 
carnivores smaller 
been responsible" 
Although carnivores smaller than Tasmanian Devils may not 
have been able to produce the equivalent damage, other carnivores, 
e.g. Thylacines and dingoes or other dogs, may well have been able 
to. As pointed out by Marshall and Cosgrove (1990) the lack of 
quantitative data accomp:mying descriptions such as those for the 
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"bone chips", puncture marks and fracture damage leads to many 
shortcomings in providing signature criteria for Tasmanian Devil 
scat bone. 
Sobbe (I 990)conducted a more recent feeding trial on a single 
healthy, mature Tasmanian Devil held at a sanctuary in Brisbane, to 
"determine the nature and extent of tooth marks on bones chewed 
by Sarcophilus " (Sobbe,1990:299). It was hoped that the tooth-
marked bone would serve as comparative material for various tooth 
marks previously identified on fossil bones of Pleistocene age. 
More than one hundred fossil bones had been collected from 
various sites on the Darling Downs in south east Queensland. 
The captive Tasmanian Devil was fed two defleshed but 
articulated hind legs of a Red-necked Wallaby Macro pus 
rufogriseus. Prior to feeding, these bones were stripped of meat 
and hide, with care taken to prevent marking the. bones during the 
process: phalanges were also removed and not used in the feeding 
trial. The bones were left in the pen overnight and removed the 
following morning. It was found that one femur and two 
metatarsals had been completely consumed but some of the other 
remaining bones showed evidence of tooth marks. 
Sobbe makes a very important point concerning the small 
sample size of taphonomic signatures obtained: "It is conceivable 
that the tooth marks and amount of damage observed may not be 
entirely representative for Sarcophilus " (Sobbe, 1990:314). He 
suggests that additional work needs to be performed with a larger 
sample size and a more varied range of food offered. Furthermore 
he points out that the Jack of feeding competition for the single 
Tasmanian Devil used in his feeding trial may have caused an 
intensity of marks and damage to the meal bone which would not 
normally be found under natural conditions. None-the-less, the 
tooth-marks are known to have been caused by a Tasmanian Devil 
and for this reason alone are valuable for comparative purposes. 
After examining the tooth-marked bone debris collected from 
the lone Tasmanian Devil, Sobbe found that all of the marks could 
be allocated to one of six distinct categories, as shown in Table 5.10. 
below. 
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Table 5.10. Types 
Devil meal 
of tooth-marks found on 
bone; after Sobbe (1990). 
Tasmanian 
Tvoe 
Very 
shallow 
scratches 
Pits 
Scratches 
Large 
punctures 
with 
spongy 
bone 
removal. 
Furrowing 
Semi-
circular 
marks 
Deep 
longitudinal 
"V" -shaped 
mark 
Descriotion 
Barely break the surface of the 
compact bone; maximum width of 0.3-
1 disappearing completely. 
' 
lmm, before tapering and 
I 
I Common marks; occur in large 
I numbers on opposing bone surfaces, 
I producing a very rough appearance; round to oval, maximum diameter ! Zmm, but generally J-l.5mm; some 
i pits show a concentric "double crater 
I effect"; 
I Also common marks; elongated round-
! bottomed marks, maximum length 
I 5mm, maximum width l .5mm; often 
·1: with a corru2a1ed base due to a tooth 
breaking through success• vc I ayers 
of bone tissue 
Removal of part of articular surface 
and underlying spongy bone: 
1 impressed into this area are large 
punctures of oval or triangular 
outline, maximum width 8mm. 
maximum depth 5mm; punciures 
deeper and larger because of low 
resistance of spongy bone 
, Found on 
1
1 
perpendicular 
bone 
broken end of 
to the long axis 
bone, 
of the 
Width 5-6mm, with the end of the "V" 
, showing where the compact bone has 
I depressed downwards into the 
i underlying spongy bone 
! 
5.8.7. Scat bone 
-! Cause 
! lncisor teeth or 
i claws if the bone is 
i held in the front 
i paws 
I feedin 
during ' 
'Carnassi al I breaking the 
, into pieces 
I enough to 
: swallowed. 
I 
ieeth 
bone 
small 
be 
Carnassial teeth 
1 breaking the bone 
into pieces small i 
enough to be I 
swallowed. ' Carnassi~ 
possibly canine , 
' teeth I 
: 
I 
i 
i 
I 
i A round tooth or l 
:tooih cusp 
; breaking through i bone and severing 
: it into two nieces 
J Canine teeth 
I 
Lundelius (1966) analysed recent Tasmanian Devil scats and 
found them to contain bone fragments up to 3cm rn length. 
Although a photograph of the scat material was provided in his 
report, there was unfortunately no description of its con di ti on. 
However Lundelius recognised that: 
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"More information is needed on the way Recent large 
carnivores treat the bones of prey animals. The condition 
of all the bones from cave deposits should be studied. 
Too frequently only the identifiable, relatively complete 
material is collected and the rest is discarded." (Lundelius, 
1966:180). 
It was quite some time before this plea was properly 
addressed. 
In a recent analysis of Tasmanian Devil scat material (Marshall 
and Cosgrove, 1990), fifty scats were collected from several 
sandstone shelters in Central Tasmania. The aim of this analysis 
was to provide descriptions of damage useful for comparative 
purposes. 
Larger or more complete bones were identified to skeletal 
element, counted and their length measured. Comparative details 
of general carnivore tooth-marks on bone, and hypothesised tooth-
marks by Thylacoleo (Haynes, 1983, Binford, l 981, Horton: 1981 ), 
were used to identify punctures and depressions, surface flaking 
and scoring on the Tasmanian Devil scat bone fragments. Thus, 
macroscopically visible surface alterations, thought to be referable 
to Tasmanian Devil tooth-action, were noted by their presence and 
location on the bone. Marshall and Cosgrove (1990) suggested that 
the teeth of Tasmanian Devils were most damaging to bone, far 
more so than those caused by digestive processes which are rarely 
identified and occur only to a slight degree. 
The most notable characteristic of this scat bone assemblage 
was its highly fragmented condition (1990). Of the 3868 bone 
fragments recovered from the scat matrix, 75% measured less than 
15 mm in their maximum dimension and were unidentifiable to 
skeletal element. Ribs and phalanges had the highest frequency of 
fragments which could be identified to skeletal element type. 
Long bone fragments were most often identified to "general 
element" type only. Furthermore, only 7% of the total bone 
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fragment count could be identified to species level. 
found to be 
This bone was 
" ... unevenly distributed amongst three marsupials, 
Pseudocheirus peregrinus (Ringtailed Possum) Thylogale 
billardierii (Rufous Wallaby) and a few elements 
tentatively identified to Vombatus ursinus (Common 
Wombat)." (Marshall et al., 1990:106) 
The uneven distribution of similar skeletal parts was explained 
by Marshall et al. ( 1990) as a result of variable feeding patterns by 
Tasmanian Devils: smaller prey were thought more likely to be 
consumed whole in a single event and without competition, whereas 
larger prey were thought to be consumed piecemeal over one or 
more nights by more than one Tasmanian Devil. This factor plus 
the non-latrine behavior of Tasmanian Devils was used to explain 
the uneven accumulation in dens of equivalent skeletal parts from 
different prey species. Furthermore, bone from smaller prey was 
found to be generally less damaged and longer in length,. although 
overall mean lengths from the three prey species were not found to 
differ significantly. 
Despite the variation in damage between equivalent skeletal 
elements from different sized prey, as outlined in detail in 
Appendix l of Cosgrove and Marshall (Cosgrove. et al., 1990), some 
general signature criteria for Tasmanian Devil scat bone were 
derived by Marshall et al. (1990) from the results of their own and 
from earlier analyses (Lundelius, 1966, Douglas et al., 1966). This 
is summarised as follows; 
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Table 5.11. 
bone; after 
Signature 
Marshall and 
criteria for Tasmanian 
Cosgrove (1990) 
Devil scat 
1. Overall condition of scat bone; Extremely fragmented 
and mostly unidentifiable to skeletal element. 
2. Size range; More than 75% of elements less than I 5mm. 
3. Frequency of skeletal elements; Smaller elements 
and those with low surface to volume ratios such as the 
manus and pes and caudal vertebrae are more abundant 
and more complete 
4. Degree of Damage; Generally more robust portions of 
skeletal elements are least damaged. Larger Prey (i.e. 
wallaby-size) suffers greater damage, is represented by 
narrow range of skeletal elements which are present in 
lower numbers. Smaller. Prey (i.e. possum-size) suffers 
less damage. is represented by wider range of skeletal 
elements which are present in higher numbers 
5. Breakage patterns; ·Irregular fractures at longbone. 
ends and along margins of flat portions of bone. More 
robust portions of bone show crushing 
6. Toothmarks; Infrequent but can occur as 
punctures. depressions and scoring. Concentrated 
isolated 
on the 
ends of more complete longbones. Occur anywhere on the 
shafts of ribs 
7. Species composition in individual scat; May be wide 
but bone from a small number of two or three medium to 
large mammals such as Macropus or \!ombatus may 
predominate 
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Table 5.12. Least damaged parts 
bone; 
of skeletal elements 
after Marshall and from Tasmanian Devil scat 
Cosgrove (1990) 
Skeletal element 
, Cranium 
Teeth 
Vertebrae 
---~-.... -
i Ribs 
Long bones 
(lar er s ecies) 
Longbones 
(smaller 
Pelvis 
Sea ulae 
! 
·~-............. ~~-··· .. --.. ., ...... -~~., 
l Least damaged parts 
i 
Premaxillae and maxillae and small fragments 
1 
of skull 
Isolated or attached to dentaries, usually 
' complete 
The processes and epiphyseal ends which 
! detached 
I Head and neck with attached or sem1-
1 detached shaft s !inters 
i Epiphyseal ends which may have some of 
i shaft still attached 
Near complete shafts 
Ilium 
l 4 8 
I 
_ _J 
are 
I 
' 
Analysis of Tasmanian Devil scat bone by the author 
An analysis of bone from 155 devil scats was undertaken by 
the author, in order to extend the results presenred from earlier 
scat analyses. Particular emphasis was to be placed on gaining 
information about alterations to the surfaces and edges of 
fragments, which is of greater use than details on presence and 
absence of individual skeletal elements when comparing with fossil 
assemblages. The material analysed was collected from non-
captive devils inhabiting Cradle Mountain National Park, Tasmania. 
The data from this analysis is presented in Appendix 4 of this 
thesis. Summarising the results, it was found that; 
l. Numbers of tooth marks or other surface effects were very 
low 
2. The fragment size range is 3 - 40 mm with an average of 
15 mm. 
3. The vast majority of bone 1s smooth surfaced with no 
external signs of damage. The bone overall is quite 
unremarkable. 
4. The majority of fragment edges were jagged. 
Plate 5.9. demonstrates the most characteristic features of devil 
scat bone, although these characteristics are in fact rarely recorded. 
The most common type of fragment is top row. left hand corner. 
This material was ex 1racted from scats collected by the author on a 
visit to Cradle Mountain National Park. 
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Plate 5.9. Bone fragments from Tasmanian Devil scats. 
MM jl 1111111 q 111111111 p 11111111 p I ~ 11! 11 'I 11111111 'I 
Plate 5.10. Bandicoot tibia from Allen's Cave. 
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Tasmanian Devil debris and human food debris. 
Tasmanian devils prefer dens which are body-sized cavities 
rather than open caves such as Allen's Cave and it is unlikely that 
Allen's Cave was used as a den. However devils may well have 
visited the site for social reasons and/or to scavenge food debris left 
by Aborigines occupying the site and in doing so, left scat material. 
Scat bone would have been derived from both meals consumed in 
the field and human food debris from the site; it cannot be assumed 
to be modified and re-deposited archaeological debris. On this 
basis devils may have deposited a range of scat sized debris from a 
range of prey in Allen's Cave. 
The average maximum length of scat bone was found to be 35 
mm (Cosgrove and Marshall, 1990; Appendix 4 of this thesis). The 
length of limb bones from small prey and some medium prey were 
found to be less than 35 mm when complete. Thus some of the 
complete and fragmented bone from murids may have been 
deposited by Tasmanian Devils and/or other carnivores (for 
example, the two proximal fragments of Murid femurs, left-hand 
corner of Plate 5.2). Damage recorded on a Bandicoot P. 
bougainville tibia and shown in Plate 5.10 is not characteristic of 
owl predation. 
digestion. 
Such damage may be due to carnivore ingestion or 
5.8.8. Conclusion 
Cranial material from Tasmanian Devils was identified in the 
assemblage from Allen's Cave in various spits from 41 to 9 
inclusive. This material can only have been deposited by the 
predator itself through natural death or cannibalism, or by humans 
or other carnivores. Males are known to be quite aggressive 
toward younger males and will readily cannibalise their own or 
others' offspring (Guiler, 1970, 1983 ). Fleay ( 1952) observed the 
rapid consumption of a deceased young by its mother and siblings. 
all of whom were held in captivity at the time. Thus it is not 
unlikely that skeletal material from Tasmanian Devils will be 
deposited in a Tasmanian Devil scat. 
Evidence of Tasmanian Devils being hunted 
Aborigines has been recorded by Solomon (l 986 ). 
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and consumed by 
The necklace of 
Tasmanian Devil teeth, representing a mm1mum of 48 animals, 
excavated from the Aboriginal grave site at Lake Nitchie 
(Macintosh, 1971 ), also implies active hunting by Aborigines of 
Tasmanian Devils. 
Other carnivores such as Quolls may attempt to scavenge a 
dead Tasmanian Devil but it is unlikely that these small animals 
would be able to consume cranial parts. Dingoes, however, would 
be able to hunt as well as scavenge devils and consume most if not 
all skeletal parts and Thylacines may have. Thus the teeth of 
Tasmanian Devils within the fauna! material from Allen's Cave may 
have been deposited by other carnivores, (Thylacines and later, 
Dingoes) with devils never actually inhabiting the site. In order to 
detect the active presence of Tasmanian Devils it is necessary to 
identify signature criteria associated with Tasmanian Devils 
amongst the bone debris from Allen's Cave. 
From the analyses on tooth-marked and scat-deposited bone 
from Tasmanian Devils, it is apparent that specific characteristics 
can be recognised. However, the potential for interpreting the bone 
debris from Allen's Cave depends upon the uniqueness of these 
criteria compared to signature criteria of other carnivores. In the 
lower sections of the excavation teeth of three carnivores are 
present (Tasmanian Devils, Thylacines and Quolls) and from spits 16 
to 9 this number increases to four with the presence of dingo teeth 
and bones. The uniqueness of associated signature criteria for all 
four mammalian carnivores identified at the site will be discussed 
after analysing the characteristics of bone deposits associated with 
the most recent carnivore to arrive at the site- Dingoes. A table of 
comparative carnivore signature will be given after presenting the 
data for all carnivores present at the site. 
5.9. Thylacines 
5.9.1. lntroduction and fossil record 
The Thylacine Thylacinus cynocepahlus was first described by 
Harris in 1808 (1808). Although later publications concerning its 
taxonomy have appeared 8(Lowry, 1972; Dawson. 1982; Archer, 
1976) there are few actual scientific observations on the ecology 
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and behavior of the Thylacine. Furthermore, what observations 
exist were based on captive animals enclosed in wire and concrete, 
far from ideal circumstances. Most of the publications this 
century appear to have been extracted from anecdotal evidence 
and these have become the general source for debate on the habits 
of the Thylacine. How useful they are is difficult to gauge. 
However, both the published material and the oral records have 
formed the basis of extensive works on the history of the 
Thylacine since the introduction of sheep grazing in Tasmania 
8(Guiler, 1961, 1980; Smith, 1981, Smith 1982), and these works 
cannot be wholly dismissed. Indeed, they are fascinating accounts 
of an almost unknown animal which in all probability no longer 
exists. 
5.9.2. Habitat 
Troughton (1946) described the Thylacine, Thylacinus 
cynocephalus, as widely distrubuted. Guiler (196 l) compiled 
information from trappers' records which suggested that 
Thylacines were "caught in all types of country ranging from coast 
to the mountains but with the greatest number being caught in the 
drier parts of Tasmania". S. · Smith ( 1981) also deduced from . 
various sources (Guiler, J 964, Le Souef and Burrel, 1926, Lord, 
l 927, Cotton, 1979) that the Thylacine was widespread from the 
seashore to the mountains, but with a preferred habitat of hilly, 
dense dry sclerophyll or mixed sclerophyll-rainforest communities 
often with rocky outcrops. However M. Smith. without stating 
why, noted that the "preferred habitat of the species and its 
doubt" (Smith, 1982). preferred 
Rounsevell 
method of hunting 
(1983) maintained 
forest and woodland. 
are 
that the Thylacine prefered open 
As noted above, much of the conflict over habitation 
preferences or requirements of the Thylacine has arisen because 
the observations were made whilst the Thylacine was being forced 
into increasingly inaccessible areas. When humed out of certain 
areas, it was believed that the Thylacine "preferred" or "required" 
these possibly alien refuge habitats. 
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5.9.3. Lairs 
Lairs were claimed to have been used by Thylacines for 
daylight resting (Troughton. 1946) and for leaving young which 
were too large to be carried in the pouch whilst the parent hunted 
(Smith, 1981 ). These lairs were believed to exist in high rocky 
caves (Lord and Scott, 1924, Sharland, 1939, Guiler, 1958) from 
which the adult ventured out at night onto the plains and valleys. 
Smith (1981) believed that the Thylacine would have numerous 
resting places within its home range (an unknown area) rather 
than one lair to return to during the day. 
The use of a lair in which to raise young has been disputed by 
Dixon (1989) who claims that there is no evidence for this. 
Certainly a Thylacine lair, such as a "high rocky cave" has never 
been identified or described. However, there is an account by one 
witness, of two young Thylacine cubs left "Hidden in a dry fern 
bed under the drooping dead fronds of a tree-fern" (Troughton. 
I 946) by an adult female which had 
witness's way. No doubt the striped 
good camouflage amongst the fems. 
use of lairs by Thylacines (Lord and 
previously tried to bar the 
bodies of the cubs provided 
The earliest reference to the 
Scott. 1924) was apparently 
gained from "keen observers" (sic) of this species. Most likely 
these observers were trappers who passed on incidents which they 
witnessed or heard of themselves. 
There is insufficient evidence to determine if Thylacines used 
a single lair, many resting places or none at all, for themselves or 
their young. Therefore the possibility that Allen's Cave was used 
by one or more Thylacines at some time must be considered. 
5.9.4. Prey 
"The diet of the Thylacine (T cvnocepahlus) was 
apparently small macropodids, echidnas. rats. birds and 
lizards" (Keast, l 982:681 ). 
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Keast does not mention the origin of this list, but the reference 
to echidnas as a dietary item could only have come from Harris 
(1808), whose dissection of a male Thylacine found the remains of 
an echidna in its stomach. This is the only Thylacine known to 
have ingested an echidna and may well have had unusual eating 
habits, been extremely hungary or a juvenile, but it has 
nevertheless left a legacy of constant references to Thylacines 
consuming echidnas as if it were a regular event. Harris (1808) 
also inferred from the terrain in which his particular Thylacines 
were trapped that Thylacines in general preyed upon macropods 
such as the "Brush Wallaby" (sic) and other small native animals. 
Lydekker (1894) also assumed that the Thylacine ".... doubtless 
subsisted mainly on the smaller kangaroos and wallabies together 
with other Marsupials ... " (Lydekker, J 894: 153). 
All later publications which refer to the diet of the Thylacine 
appear to have used Harris's (1808) and Lydekker's (1894) 
assumptions, as well as information from trappers who caught 
Thylacines on wallaby bait. The origin of the reference t0 rodents, 
birds or lizards mentioned by Keast ( 1982) Smith (1982) and Dixon 
(1989) is not referenced by the authors. 
According w the "keeper" of two Thylacines which had been 
captured in 1850 for shipment to London they would not eat 
Wombat, which was at the time "exceedingly abundant" in the area 
(Gunn, 1850) . This pair of Thylacines were fed on twelve fat 
sheep during their sea voyage to London. 
M. Smith (1982) believed that the Thylacine parallelled the 
can ids in being fully adapted to the hunting of large prey. Case 
(1985) however, believed that the Thylacine's long, slender jaws 
and small attachment surfaces for the temporal and masseter 
muscles were "reminiscent of the "weaker" can ids", which 
restricted it to a size range of small to medium prey. Presumably 
this would exclude the larger macropods. 
On the basis of available evidence, lt appears that the 
Thylacine preyed upon a range of animals which did not exceed 
the size of wallabies. 
155 
5.9.5. Hunting and eating behaviour 
"The stock-keepers say it hunts the kangaroo by 
scent" (Breton, 1846:125). 
Although this belief was taken up by later researchers (Guiler, 
1958; Troughton, 1946) it was disputed by Dixon (1989) who 
considered that the olfactory lobes in the brain were acutually 
reduced, which indicated tbat scent was not a prime sense in 
hunting. Dixon maintained that Thylacines were tall enough to see 
over grass and bushes and would have used vision and hearing 
rather than smell when hunting. She further commented that; 
"The increased intelligence required for hunting by Thylacinus is 
reflected in the ridges on the surface of the neocortex" (Dixon, 
1989:554). 
Guiler (1958) concluded from unstated sources, but probably 
adapted from Le Souef and Burrell (1926) and Troughton (1946), 
that the Thylacine was not a " ... rapid runner but relied on a steady 
jogging pace to wear down its prey, which it catches in a final 
spurt of speed and then kills" (Guiler 1958:354). This method and 
the use of scent both imply a "Wolf" -like manner of hunting which 
has not in fact, been borne out by the findings from physiological 
research on the Thylacine. 
From the time of its 
1805) (-"a low wolf dog") 
earliest informal description (Paterson, 
and formal description (Harris, 1808), 
the Thylacine has been compared with the Wolf Canis lupus, and 
indeed it first became locally known as the Zebra Wolf (Harris, 
1808) and later the Tasmanian Wolf. This of course reflects the 
European background of the non-Aboriginal population of 
Tasmania with their constant quest for known equivalents 
amongst the radically unfamiliar vertebrate population. 
The Thy!acine/Wolf comparison has been investigated by 
Keast (1982), Case (1985) and Werdelin (1986) and found by all to 
be inappropriate in major aspects; dentition, limbs and axial 
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skeleton. Keast (1982) investigated limb ratios and found that the 
inequality of the Thylacines forelimb/hindlimb ratio gave it the 
distinctive and often remarked upon gait, which was described by 
Troughton (1946) as a "shambling canter". Cunningham (1882) 
less kindly described the Thylacine as having a "low, skulking 
habit" which he attributed to the lack of rigidity of the wrist. 
Dixon (1989) claims this to have been confirmed by those who 
have seen it hunting. In Wolves the forelimb/hindlimb ratio is 
equal thus giving it an even and swift gait (Keast, 1982). 
Keast (1982) also found that although the Thylacine's neck is 
longer than that of other Dasyurids, it is nevertheless 
proportionally shorter by 25% than the Wolf's neck. This, along 
with the Thylacine's low skull width/length ratio (Keast, 1982:679) 
indicated a lack of the strength necessary to hold and subdue large 
prey. 
Keast concluded that; 
"The findings ... that the Thylacine is, in effect, an 
'overgrown' dasyurid and that its limbs and skull show 
little, if any advances over that of smaller members of the 
dasyurid series is confirmed. The present analysis brings 
out that it is different from the Wolf in virtually all 
structural features relating to the pursuit carnivore role." 
(Keast, 1982:681 ). 
This is supported by M. Smith who points out that early 
observations of a Thylacine hunting were "likely to have been 
based on the pursuit of relatively helpless livestock" (M. Smith, 
1982:251). He continues with the suggestion that 
157 
"The animal's limb proportions, similar to those of a 
dasyurid, would be better adapted to stalking under 
dense cover followed by a sudden burst of speed. There 
is no reason to doubt, however, that on the open plains a 
Thylacine could run down peramelids and small 
macropodids, even if the large kangaroos presented a 
greater problem" (M. Smith 1982:250). 
Case (1985) believed that the Thylacine's functional cranial 
morphology also suggested hunting by stalking rather than by 
pursuit. This would also have been the most efficient method for 
hunting medium to small-sized prey, which (as discussed above) 
Case believed the Thylacine to have been restricted to. This was 
corroborated by his analyses of the Thylacine's limb structure and 
proportions which "reveal that Th. cynocephalus (sic.) does not 
exhibit any specializations indicative of a pursuit predator." (Case 
1985 :49). 
Interestingly, despite having found significant differences 
between the Thylacine and the Wolf, Keast (1982) maintained that 
their skull shape was "obviously similar". This was essentially 
based on the similarly elongate jaw in both the Thylacine and the 
Wolf. M. Smith (1982) however, believed that because of the 
smaller teeth in the Thylacine a better comparison was achieved 
with the Coyote or Jackal. Both of these comparisons were 
disputed by Werdelin (1986). Werdlein (1986) compared 
Carnivora skulls including the Wolf Canis lupus, and Dasyuridae 
skulls including the Thylacine and found that 
" ... when only the shape and not the size of the skull is 
considered, the red fox, Vulpes vulpes , and not C. lupus , 
is the canid most similar to T. cynocephalus ... This result is 
most interesting in view of the very different modes of 
predation of V vulpes , which is an ambush predator, 
and C. lupus , which is a pursuit predator." (\Verdelin 
1986:115). 
l 5 8 
According to Ewer (1973) Red FoxesVulpes vulpes perform a 
characteristic 
sized prey. 
"mouse-jump" when capturing their 
Ewer described the "mouse-jump" as; 
mostly mouse-
"The forequarters rise high in a rearing leap and 
descend vertically on the victim, the two fore paws and 
the nose contacting the ground virtually simultaneously." 
(Ewer, 1973:160). 
The ability of the Thylacine to leap vertically was recorded in 
1850 in an account by Gunn, who had been told of a female 
Thylacine which was observed "springing from the floor to the top 
of the walls, 6 to 8 feet, and from joist to joist near the roof with 
activity of a cat" (1850:90). Thus it is possible that at least this 
Thylacine was capable of performing the equivalent to the "mouse-
jump" as practised by foxes, although the same behavior cannot be 
inferred for the whole species. 
It would appear from the above information that the 
Thylacine differed in many anatomical aspects (dentition and post-
cranial morphology) from the Wolf, but most importantly, in its 
method of hunting. Physiological research on dentition, skull 
shape and limb ratios all indicated that Thylacines hunted by 
stalking rather than by pursuit. Werdelin ( 1986) alone suggested 
that the Thylacine used an "ambush" approach with a final leap to 
secure prey, such as that used by Red Foxes. Keast ( 1982) also 
implied that because of the Thyalcine's relatively short neck and 
finer skull, it was less equipped to hold and subdue its prey. 
On the basis of available information, this writer suggests that 
the Thylacine stalked it's prey, until leaping upon it and using it's 
whole body weight to secure the animal. A lethal bite could then 
be applied to a vulnerable part, such as the throat or chest. 
Such an assumption has important 
archaeological sites. Skeletal damage to prey 
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implications for 
would occur on the 
cervical vertebrae or ribs, which may show tooth puncture marks 
and/or breakage. Breakage and/or puncture marks may also 
have been caused by the claws although, considering their non-
retractile nature (Dixon, 1989) and observed bluntness (Paterson, 
1805; Harris, 1808) this would be far less common. 
There has been much controversy about the eating habits of 
the Thylacine. The main controversy has concerned whether or 
not it consumed the flesh only of prey or bones and flesh, i.e. was 
it a meat slicer as opposed to a bone crusher. Lord and Scott 
(l 924) stated that the Thylacine would only eat certain parts of 
the carcass, leaving the remainder for the Tasmanian devil which 
was believed to follow in its wake. Sharland (1939) did in fact 
find the fresh tracks of a Thylacine which was apparently chasing 
a wallaby, associated with the nearby tracks of a Tasmanian devil. 
Sharland suggested that this Tasmanian devil had been; "following 
both Thylacine and wallaby in anticipation of a "kill". It would 
dine on what the Thylacine discarded" (Sharland, 1939:34). Such 
comments may have given rise to the description by Fleay (1946) 
that the Thylacine was a "fastidious eater" which by general 
opinion " .. opens its victim's thorax and eats the heart and liver, but 
little else" (Fleay, 1946:156). 
Guiler ( 1958,1966, 1980, 1985) also believed that Thylacines 
killed their prey by opening the chest and eating only the vascular 
tissues, with the remainder left to the devils; "It eats only selected 
parts of its prey and is primarily a blood feeder, sucking blood 
from the severed jugular vein of its kill .... (it) may occasionally eat 
the meat" (Guiler, 1958:354). 
However, S. Smith ( 198 I) noted that there was ample 
evidence for alternative methods; "They prefer the pans 
containing bones, and do not seem to relish the liver, lungs, heart 
etc." (Gunn 1850:90) and from a taped conversation with Dick 
Rowe, who in 1913, " ... kept three half grown young (Thylacines) in 
captivity for 3 months feeding them on skinned wallabies and 
found that they ate the whole body, chewing the bones like a dog" 
(Smith, 1981:13). Similarly, Frank Darby, who tended the last 
known Thylacine in captivity (held at Mary Grant Robert's private 
zoo rn Hoban early this century); " .. said the animal was fed a live 
rabbit night and morning, which was always devoured with 
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impressive speed" (Beresford, 1981 :28). However, a difference in 
behavior between captive and non·captive Thylacines may well 
have existed, as shown by Gunn's (1863) comment; " ... (Thylacines) 
eat only what they kill, and that fresh ...... when in confinement, 
however, I have found them eat the meat furnished to them with 
avidity". Smith (1981) concluded from the available information 
that the Thylacine was an opportunistic predator/scavenger which, 
whilst possibly preferring to kill its own food, would eat carrion 
and would consume virtually all of a carcass. However, it should 
be noted that if Thylacines did habitually consume all of their 
prey, there would have been little point in the Tasmanian devil 
following in their wake, as described by Lord and Scott (1924) and 
Sharland ( 1939). 
Lundelius (1966) suggested that: "It would be expected to 
have been a contributor of bones of prey animals to the deposits of 
any caves it might have inhabited" (1966:179). No doubt this 
expectation arose from the knowledge that all other larger 
Dasyurids deposited scats with bone fragments. However 
according to Horton and Wright (198 l) no coprolites which could 
definitely be attributed to a Thylacine have ever been found in 
cave deposits. Horton and Wright assumed this is because 
Thylacines did not consume bone. Similarly, no scats have been 
found in association with fossil Thylacine remains. An interesting 
point however, is that substantial post·cranial remains of 
Thylacines have only ever been found in 
caves (Smith, 1982). This strengthens 
( 1989) that Thylacines did not use lairs. 
feasible explanation for the absence of 
caves. 
pit fall caves, not open 
the argument by Dixon 
It al so provides a more 
Thylacine coprolites in 
By comparing tooth replacement in Dasyuridae and Carnivora, 
Werdelin (1987) found that in general the Dasyuridae were "not 
very efficient carnivores". This inefficiency was attributed to the 
relative molar progression in Dasyuridae where; " ... each erupting 
molar in turn function(s) as a carnassial. .. (and) all molars have 
carnassial morphology and none 
functions." (Werdelin, 1987:349). 
found that although the premolars 
are free to develop for other 
Furthermore, Werdelin ( 1986) 
of other Dasyuridae such as the 
Tasmanian devils, Sarcophiius harrisii, are adapted to cracking 
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open bones, this is not the case for the Thylacine. Werdelin 
(1987) followed Butler's (1946) earlier theories on the greater 
plasticity of Carnivora dentition and suggested that the 
undifferentiated carnassiform molars in the Thylacine were 
adaptively disadvantageous. This resulted in poorer prey 
utilization when compared, for example, to Canis spp. which have 
posterior "crushing" molars. 
Harden ( 1985) cited incidents where whole macropod 
carcasses were consumed by dingoes, Canis familiaris dingo, but he 
generally found that the amount of a carcass consumed by dingoes 
seemed to depend upon the macropod age and abundancy in the 
area: greater carcass utilization was found to follow an increase in 
the local dingo population as more dingoes were feeding together 
rather than more prey being killed (Harden, 1985). If, as 
according to Werdelin ( 1987), Thylacines were less able to utilize 
prey than dingoes, then whole carcasses would not be consumed 
by them. It is most probable that the uneaten parts of a carcass 
would be the more dense bone areas such as the cranium and 
pelves of larger prey. 
This is somewhat at odds· with the accounts by Dick Rowe 
(quoted in Smith, 1981) who witnessed three sub-adult Thylacines 
eating the whole body of skinned wallabies and "chewing the 
bones like dogs". This again brings into question the previously 
mentioned possibility of differing behavior between captive and 
non-captive animals. Furthermore, their extent of hunger and 
degree of communal feeding may have produced unusual behavior. 
The account by F. Darby (quoted in Beresford and Bailey, 
1981) who fed whole rabbits to a captive Thylacine, is closer to 
Werdelin's (1987) findings, considering that the skeletal elements 
of rabbits are far less dense than the skeletal equivalents in 
macropodids. 
M. Smith (1982), extrapolating from work on Thylacine 
dentition (Archer, 1976), believed that the reduced metaconids on 
the lower molars and reduced protoconid on the upper molars 
resulted in a "long cutting edge", which gave the Thylacine an 
ability to "slice and crush". This agrees with the accounts by both 
Rowe and Darby but is at variance with \Verdelin (1986). 
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Amongst placental carnivores, scavengers are able to crack 
open and digest larger bones whilst predators cannot (Ewer, 1954, 
Sutcliffe, 1970). Smith (1981) claimed the Thylacine to be an 
opportunistic predator/scavenger. The extent of its scavenging 
habits needs to be addressed in order to resolve the issue over its 
ability to ingest bone. Determining the capability of the Thylacine 
to ingest bone is intrinsic in the identification of a Thylacine 
deposit. 
M. Smith notes a report m The Bulletin of 1919, whose author 
claimed to have found a " .. den half-full of bones, including those of 
a half-grown calf" (Smith, 1982:249). It is difficult to assess the 
credibility of this report as it may have been purely provocative, 
coming a few years after bounties had ceased to be paid by the 
Van Dieman's Land Co. (Government bounty ceased in 1910). 
A rather bizarre situation has arisen from research on the 
internal parasitic tapeworm, Anoplotaenia dasyuri, which has been 
found to be endemic amongst modern Tasmanian Devil populations 
(Gregory, et al., 1975). Obendorf and Smith (Obendorf and Smith, 
1989) found larval stages of this same parasite in two species of 
quolls (Dasyurus viverrinus and D. maculatus) from Tasmania. It 
was suspected that the quolls were not primary hosts of the · 
parasite but accidental intermediate hosts who had ingested 
contaminated substances. The substances proposed were grasses, 
insects or Tasmanian Devil faeces. As the metacestode stage of A. 
da s y u r i was not found amongst the entirely herbivorous 
bandicoots, populations of which were also sampled in Tasmania, 
Obendorf and Smith {1989) strongly suspected that quolls were 
engaging in coprophagy. In support of their hypothesis, they 
noted that all of the quolls identified with larval parasites were 
debilitated in some manner causing them to be " . .less successful 
predators and carrion feeders" (Obendorf and Smith, 1989: 135). 
A depletion of winter food availability was also noted by Obendorf 
and Smith (1989) as another probable incentive to coprophagy. 
The same cestode parasite identified in Tasmanian Quoll 
populations was later identified in two preserved tissue specimens 
from two Thylacines, one of which had died in captivity, the other 
had been shot in the wild. Oberndorf and Smith cited the fact that 
no adult forms of A. dasyuri had ever been observed in 
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Thylacines and thus suggested that Thylacines may also have acted 
as intermediate hosts after consuming Tasmanian Devil faeces. 
This presents a rather bizarre situation, where it has now been 
suggested that on the one hand, Tasmanian Devils consumed 
carrion left from Thylacine kills and Thylacines may at times have 
consumed Tasmanian Devil excreta. This can only be described as 
a taphonomic merry-go-round, and the implications for 
interpreting cave deposits are to say the least, quite horrifying. 
However, the hypotheses proposed by Obendorf and Smith (1989) 
must be kept in the perspective of their very small sample size for 
Thylacines. Furthermore, the hypothesis relies on the tentative 
evidence that Thylacines were not definitive hosts of A. dasyuri . 
There is also some controversy as to whether Thlacines were 
scavengers. Uneaten or partly-eaten carcasses only become 
available from hunting by other carnivores, or from natural deaths 
of sick, old or young individuals. Before the arrival of the dingo 
which Archer (1974, 1984) suggested as having replaced the 
Thylacine on mainland Australia), Aborigines were the only other 
late Pleistocene large carnivorous hunter. In historical times, 
Aborigines have been recorded discarding parts of larger prey, 
principally the lower hind leg, in the field (O'Connell and Marshall. 
1989) and bones from smaller prey at the campsite during a meal 
(Gould, 1967, Walters, 1984). However, to be considered as a 
scavenger either in the field or at a campsite, the Thylacine suffers 
two major disadvantages; its generally timid behavior and the 
presence of the much more precocious Tasmanian Devil. The 
validity of the latter is well supported (Guiler, 1983) but the 
former needs some discussion. 
Beresford and Bailey (1981: 13) noted that the Thylacine was a 
"shy and elusive animal". This comment was based largely on an 
interview made by a tv1elbourne journalist with Frank Darby 
(keeper of the last known Thylacine in captivity in Australia). 
Darby commented that although the animal in his care was tame 
and could be patted, it was frequently morose and showed no 
affection. In contrast Gunn (1850) found that a female Thylacine 
which had been in captivity for 6 months, allowed her "head to be 
scratched or to be otherwise touched through the bars of (her) 
prison" (Gunn, 1850:90). 
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Evidence from taped conversations with trappers indicated 
that Thylacines were very prone to shock and would often die soon 
after being snared and " .. .In captivity... they were sullen and 
relatively unresponsive to human company" (1981: 15). 
Smith summarised the available anecdotal evidence as; " In 
the wild the Thylacine is very shy, and secretive, and avoids 
contact with humans. . .. (it) would sometimes trail behind a man 
for many hours, remaining just out of sight" (Smith, 1981:15). 
(How people knew they were being followed by a Thylacine if it 
was just out of sight is not stated). Similar accounts pointing to 
the general timidity of the Thylacine were recorded in anecdotes 
from trappers in the west coast area of Tasmania by Sharland 
(1939). One of these accounts was the story of a Thylacine 
sheltering in a trappers' hut during a storm. On the owners return 
it was the Thylacine which abruptly fled, having suffered the 
greater shock. Another account related the story of a trapper 
attempting to cross a swollen river on an upturned tree. Half way 
along he met a Thylacine coming in the opposite direction. It was 
the Thylacine which unsuccessfully attempted to leap back onto 
the bank and was swept away. Both accounts indicate an animal 
which would rather retreat than stand its ground against a ·human. 
In view of the apparent "shyness" of Thylacines to humans it 
seems unlikely that they would have scavenged around cave sites 
whilst these were still occupied by humans or other predators. 
Thus Thylacines would have been forced to rely largely, for 
scavenging, on natural deaths or vulnerable animals (sick, young 
or old) which are themselves mostly seasonal opportunities. This 
not only limits the resource but once again Thylacines would have 
had to compete for vulnerable or dead animals with the Tasmanian 
Devil, which is well-versed in the art of scavenging. 
The evidence suggests that Thylacines were primarily 
predators rather than playing a dual role of predator and 
scavenger, as implied by S. Smith (1981 ). Crisp (1855) dissected a 
thylacine which had died after several years living at the Royal 
Zoological Society's Gardens in London and found the stomach to be 
capable of "great distension". Dixon (1989) interpreted this 
feature to be characterisitic of predators who must compensate 
irregular feeding with the ability to gorge when the opportunity 
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arises. However, the Thylacine was certainly capable of occasional 
scavenging, as the first two Thylacines to be officially described 
(Harris, 1808) were caught in a trap which had been baited with 
kangaroo flesh. 
5.9.6. Scat bone 
If Thylacines did conform to the general pattern for predators 
they would not have been able to crush open bone nor digest it. 
However, this does not imply that the Thylacine was unable to 
ingest some bone fragments, perhaps inadvertantly, whilst feeding. 
This is supported by the descriptions of Thylacine dentition by 
Archer (1976) and Smith (1982). Measurements of the 
Thylacine's ailmentary canal found it to be extremely short (a 
mere six feet; less than two metres) in comparison to similarly-
sized bone-ingesting carnivores (Canidae) (Crisp, I 855; Dixon, 
1989). Dixon (l 989) also noted the lack of any division into a 
small and large intestine, finding instead the same internal 
diameter throughout. This most certainly does not imply a 
carnivore which was adapted to digesting a coarse mix of bone and 
meat. 
On the basis of the above evidence a deposit associated with 
Thylacines would consist of some bone fragments from smaller 
prey and/or fragments of the smallest bones from medium-sized 
prey. Digestive damage to the bone would be minimal or absent. 
Meal debris would not be expected except in the case of feeding 
young in a lair. However, the very presence of any deposit is 
contingent on Thylacines using lairs, and there is sufficient 
evidence to suggest that this was not the case. 
5.9.7. Conclusion 
From the information presented in this discussion, it is 
possible that some bones of Thylacine prey may be crushed, 
broken and/or, less commonly, punctured from teeth or claws 
during the kill. However, breakage of bone is a common event 
from a variety of taphonomic agents and post-depositional effects; 
it is extremely difficult, if not impossible, to attribute breakage 
alone to one specific taphonomic event. 
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Assuming that lairs were used, Thylacines may have 
deposited some bone fragments in lairs from scats, and meal 
debris if prey was dragged into the lair for themselves or for 
young, However, there is no information on scat bone fragment 
size or condition and hence no way of recognising this. Equally 
there is no information on which to differentiate tooth marks, 
gnawing or puncturing of bone by Thyalcines from those made by 
other carnivores, such as Tasmanian Devils and dingoes. 
The prey size for Thylacines is expected to range from small 
mammals and possibly birds to wallabies. It is expected that the 
amount of bone ingested varied inversely with the size of the prey. 
A total of 7 isolated Thylacine teeth where found in pit E4 of 
the deposit from Allen's Cave, between spits 7 and 35. Some are 
complete and some fragmented. However, there are no post 
cranial remains of Thylacine in the Allen's Cave deposit. This does 
not support the conventional criteria for a carnivore deposit 
(Lundelius, 1966; Hope, 1973). The Thylacine teeth from Allen's 
Cave may well have been deposited in scats from Tasmanian 
Devils, or even Thylacines themselves, or, in the upper layers, by 
Dingoes, which initially appear in spit 16. Cook (1964) thought 
that Tasmanian Devils had deposited a scat containing a sub-adult 
Thylacine molar in Webb's Cave, on the Nullarbor Plain of Western 
Australia. Single molars from Thylacines have also been 
identified in other Pleiscocene sites associated with Tasmanian 
Devil remains, e.g. Fromm's Landing (Mulvaney et al., 1964) and 
Clogg's Cave (Hope, 1973) 
Alternatively the Thylacine 
been deposited during the 
Thylacines by Aborigines. 
teeth at Allen's Cave may have 
butchering or consumption of 
George Robinson, the so-called 
that Thylacines were an important 
example of four cubs being caught, 
1966). 
"Aborigines friend", noted 
Aboriginal food, 
cooked and eaten 
g1vrng an 
(Plomley, 
It is therefore not clear how the Thylacine teeth in Allen's 
Cave may have been deposited. It may have been in carnivore 
scats, as meal debris by Aborigines or from natural death whilst 
using the cave as a lair. 
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It is impossible to assess if any of the material from Allen's 
Cave indicates scat or meal deposition by Thylacines on the limited 
taphonomic evidence available. However, it can be implied that 
its contribution was, in comparison to Tasmanian Devils minor. 
The final potential taphonomic agent contributing or modifying 
bone in the deposit will now be discussed. 
5 .10. Dingoes 
5.10.J. Introduction and fossil record 
Canis dingo is the oldest available name for the Australian 
dingo, as described by Meyer (1793 ). It was originally believed to 
be a species completely indigenous to Australia and this point was 
argued over for some time (Etheridge, et al., 1896) until it was 
eventually renamed Canis familiaris dingo by F. \V. Jones in 1921, 
which it remains known as today. F. W. Jones (1921) also disputed 
the suggestion that the dingo had arrived on the mainland via a 
land bridge. He suggested instead that "... the progenitor of the 
Talgai man came with his wife and his dog, and his dog's wife, ... " 
(1921:262-3) into Australia. However, it is now acknowledged 
beyond doubt that Aborigines have been here far longer than the 
dingo and it's mode of entry into Australia remains unclear. 
The earliest reliable date for the presence of dingoes on the 
Australian mainland is that from Madura Cave. where sediments 
associated with skeletal material were dated to approximately 
3,500 BP (Newsome and Coman, 1989) Gollan ( 1982) points out 
that this date falls within a cluster of dates ranging from 3000 
3500 BP A much earlier but controversial date of approximately 
8,500 BP has been obtained from Mt. Burr in South Australia but 
due to severe burrow disturbance at the site it has been refuted 
(Golian, 1982, Barker and Macintosh, 1979), There is no record of 
the dingo in Tasmania, on the Bass Strait Islands or on Kangaroo 
Island which supports the evidence for it's more recent arrival on 
the mainland, by which time all land-bridges had been inundate.d. 
The existence of the dingo on the mainland for approximately 
3,500 years suggests approximately 1,500 years of co-existence 
with Tasmanian Devils and approximately 500 years of co-existence 
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with Thylacines, according to fossil finds so far (Milham and 
Thompson, 1979) However, the evidence from Allen's Cave 
indicates a longer period of co~habitation for these three carnivores, 
although the possibility of upward derivation of Thylacine teeth in 
spit 7 and devil teeth in spit 9 of pit E4 is yet to be discussed (A. 
Baynes pers.comm. 1994) 
5.10.2. Wild dingoes and camp dingoes 
The skeleton of a mature dingo was located mid~way down in 
an Aboriginal midden at Captain Stevenson's Point, Mallacoota. This 
skeleton not only showed a massive neck injury incurred whilst still 
a pup, but also the remains of a large fish in its stomach cavity 
(Gollan, 1982). Golian (1984) suggested that this dingo must have 
been cared for throughout its adult life by being fed by humans. 
Another dingo skeleton excavated from a shell midden at Kioloa, on 
the New South \Vales coast, also had the remains of a fish in its 
stomach cavity (Golian, 1984 ). 
There is little argument over the fact that dogs were acquired 
as puppies by Aborigines and raised in camps (Breckwoldt, 1986). 
Gollan (1986) suggested that the dingoes associated with Aboriginal 
camps differed morphologically from wild dingoes in having 
reduced teeth and facial structure, typical of domesticated animals. 
Hamilton (l 972) and Breckwoldt (1988) noted the linguistic 
distinctions used by Walbiri people and Jankuntjara people for 
camp dogs and wild dingoes. David Carnegie makes a rather 
curious comment; 
"A black-fellow's dog is much the same as a dingo -
rn fact must have descended from the wild dog ... " 
(Carnegie, 1898:370). 
This comment implies perhaps more domestication than 
otherwise suspected. Thomas Mitchell (1839) recorded an incident 
during his exploration of central Australia where his dogs had run 
down 
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"a small black native dog (which) from the miserable 
mangey appearance of this animal, I conjectured that it 
had belonged to the natives, ... who are very much 
attached to their dogs" (Mitchell, 1839; Vol.1:101). 
"Some fires of the natives were burning, and three of 
their dogs, which were very tame, hung about our camp, 
and would not be driven away" (Mitchell, 1839: V.1:108). 
On meeting a tribe of 
knife and two young pups 
(Mitchell, 1839; V. l: 233). 
the king with a greyhound 
V.l: 241). 
natives, Mitchell gave them " ... a clasp-
of a good breed for killing kangaroos" 
Later, with another tribe, " .. .I presented 
pup and a tomahawk" (Mitchell, 1839; 
Mitchell also stated that 
"The Australian natives evrnce great humanity rn 
their behaviour to these dogs. In the interior we saw few 
natives who were not followed by some of these animals, 
although they did not appear of much use to them. The 
women not unfrequently suckle the young pups, and so 
bring them up, but these are always miserably thin, so 
that we knew a native's dog from a wild one, by the 
starved appearance of the former" (Mitchell, 1839; 
V.2:347) 
A most intriguing account comes in 1934 from Kirwan ( 1934 ), 
who relates that 
l 7 0 
"A greater menace than even the dingo is the cross 
between it and the ordinary domestic dog. Some forty 
years ago (approximately 1894), at Tinnenburra, wolf-
hounds were introduced. They were used to hunt the 
native dogs. They did it effectively, but they also crossed 
with them and produced a breed that became a great 
menace" (Kirwan, 1934:52). 
However, the exact nature of the role of dingoes in camps has 
long been a point of controversy between historical ethnographers, 
as reviewed by Breckwoldt (1988). Some have portrayed the dingo 
as primarily a pet of little use for hunting (Gould, 1967, Meggitt, 
1965, Hamilton, 1972, White, 1972) whilst others have portrayed 
the camp dingo as a valuable hunting aid (Love, 1936, Hayden, 
1975). 
White (1972) categorised the dogs at the Yalata Aboriginal 
Reserve into two groups, hunting dogs and camp dogs, which she 
felt were easily distinguished by their health and their manners. 
Hamilton suggests that this situation has only arisen because of the 
inter-breeding between dingoes and European dogs; 
"A significant difference between man's relationship 
with the dingo and with the kangaroo dog lies in the 
matter of population control. In the past the number of 
pet dogs was kept in control by the propensity of the 
dingo to return to the wild, so that the people's enjoyment 
of small puppies could be freely indulged without the 
pups growing into useless and dependent unfondlable 
adults. The domestic breed however does not decamp in 
this way .. " (Hamilton, 1972:288). 
Golian (1982) also supports this idea. 
observations, became 
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Meggitt, after personal 
" ... skeptical of the widespread and apparently 
uncritical assumption that tame dingoes were productive 
hunters, as efficient as their wild relatives, and I suspect 
that some observers tended to confuse exoticism with 
utility" ('Meggitt, 1965:16). 
Meggitt believed that soon after European settlement in 1788 
European dogs took over from dingoes in Aboriginal camps in New 
South Wales with such rapidity that early systematic observations 
became impossible. Despite there being little actual data, Meggitt 
felt that the available evidence indicated that dingoes were 
acquired from the bush to be kept as pets but sooner or later they 
returned to it, thus creating a constant need to replenish the 
numbers. In his experience camp dingoes were badly fed 
compared to wild dingoes and would leave for this reason alone. 
Meggitt also noted various ethno-historical observations of 
dingoes as hunters as well as pets. This he believed to differ 
according to the region and the individual tribe's efficiency in the 
"training and use of dingoes or· in the numbers and habits of the 
animals available for hunting" (Meggitt, 1965: 18). However, after 
much consideration of the evidence Meggitt leaned to the belief that 
in general camp dingoes were primarily pets. However the hunting 
prowess of wild dogs was observed to be utilised by the \Valbiri 
people. A group of hunters 
" picked up the relatively fresh tracks of a dingo (or 
pair of dingoes) which in turn was trailing a kangaroo. If 
necessary they followed the dingo for the whole day, 
endeavoring to overtake it just as it was pulling down the 
exhausted quarry. Without harming the dingo, the men 
dispatched the kangaroo with spears or boomerangs and 
gutted the carcass then 
it back to the camp. 
common for some scraps 
eat" (Meggitt, 1965:9). 
and there preparatory to carrying 
According to some men, it was 
of offal to be left for the dingo to 
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Thus Meggitt makes a clear distinction between wild dogs 
which are used to provide fresh kills but are by no means 
domesticated and camp dogs which are useful only as pets. This 
view was later taken up by Hamilton (1972) and supported by her 
observations in an Aboriginal camp in the Everard Ranges. 
In an effort to assess the contribution of meat to a camp by 
camp dogs, Hamilton calculated by conservative estimates, that the 
dogs contributed a mere 24 kg in one six month period and 40 kg in 
the following six month period compared to 2,688 kg and 2,797 kg 
contributed by human hunters over the same time span. The dog's 
contribution fell far short of the amount consumed by them over 
the same twelve months. 
Hamilton (1972) found that generally when the dogs attempted 
to follow the departing hunters they would be met with a hail of 
stones. This practise was also observed in other camps in the 
Western Desert area by Basedow (Basedow, 1925) and Gould 
(1967). In Hamilton's view the greatest use that the dogs had was 
to clean up the faeces of the children and babies. However, 
Hamilton (1972) accepted that dogs in camps elsewhere may be 
more productive than those in the Western Desert camps and cites 
Cleland ( 1966) as an example. 
Referring to Gould's ( 1969) comments on the traditional 
practises of the Western Desert Aborigines as supporting evidence, 
Hamilton did not accept that dingoes were ever useful as hunting 
aids, stating that 
"Even if one accepts that European-type dogs can at 
least occasionally prove useful as hunters, the weight of 
evidence suggests that dingoes in the past did not do so." 
(Hamilton, 1972:293). 
White (1972) observed the camp dogs associated with the 
Yalata Aboriginal Reserve, South Australia. Here dogs 
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outnumbered people and could be "divided into two categories-
hunting dogs and all the rest" (White, 1972:201 ), with the latter 
considered by White to be quite useless except as pets and possibly 
watch-dogs. White (1972) found that although the hunting dogs 
consumed a considerable proportion of the meat brought into the 
camp, they were more successful at 
human hunters with their rifles. 
killing kangaroos than the 
These hunting dogs were 
rewarded by being fed some gut parts and cooked bones and skin 
whilst the non-hunters survived by scrounging or by stealing. The 
hunting dogs accompanied groups of men or women to kill 
kangaroos. However, as far as dingoes were concerned White 
concluded that "The aborigines never fully domesticated the dingo 
as a hunting aid" (White, 1972:204). 
Hayden (1975) disputes the suggestion that dingoes were not 
useful as hunting aids and provides supporting evidence from early 
accounts of life in Aboriginal camps. However, he also noted that 
unlike European dogs, dingoes would forage for themselves "even 
when attached to an Aboriginal camp" (Hayden, 1975: 14 ). Hayden 
believed that dingoes were kept in camps in prehistoric times to 
assist in hunting and to give prestige to their owners. 
Love (1936) provided dramatic accounts of camp dingoes' life 
with the Worora people of north western coastal Australia. These 
dingoes certainly foraged for themselves (they ate the mission's 
goats) as well as assisting the women in hunting small and large 
game. 
"Before the party has gone far there is sure to be a 
yelp from a dingo, a rush, and one woman's dingo has 
caught a bandicoot or a goanna" (Love, 1936:68-69). 
"At the spring we found half a dozen women with a 
huge kangaroo roasting in the fire. One of the women's 
dogs had killed this kangaroo on the side of the hill and 
the women had a simply glorious feast of fresh meat" 
(Love, 1936:72). 
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Love (1936) describes in detail the hunting trips by men and 
never mentions dingoes accompanying them. 
Love also observed dingo pups being taken back to camp from 
the bush, some to be eaten. Once made a pet, however, they would 
never be made a meal. He found that although men also owned 
dogs, they were generally associated with the women. Camp dogs 
which died were given funerals and ''placed in the branches of a 
tree, covered with a sheet of paper-bark and there left to fall to 
pieces" (1936:176). 
In summary, Meggitt (1965), Hamilton (1972) and White 
(1972) all firmly viewed the camp dog as quite a useless hunting 
aid although recognising that it did participate in the some hunting 
occassions. They found no evidence to believe that in the past 
dingoes would have been any different. Hayden (1975) however, 
believed dingoes to be successful hunting aids, playing a useful role 
in the camp. Love (1936) certainly observed very productive roles 
amongst the Worora dingoes. On the basis of the available 
evidence it must be accepted that the relationship between 
Aborigines and dingoes varied regionally. Whether these variations 
were related to the extent of hybridization of the ·local dingo 
population is difficult to judge. It can be said however, that three 
groups of dingoes have existed in Australia; wild dingoes, Aboriginal 
hunting dogs and Aboriginal pets (the latter two being camp dogs). 
There is no reason to expec! that these three groups of dingoes 
would not leave similar taphonomic signatures, i.e. toothmarks and 
scat debris, but each group may have had a different taphonomic 
impact on prehistoric human occupation sites. The following quote 
from Love is interesting in that it is not known which dogs; i.e. wild, 
camp or both, he is referring to. 
"Strange is the fact that, among such a meat-eating 
folk as the Worora, bones are not to be seen littering the 
vicinity of the camps. All large marrow bones are. cracked 
and the marrow eaten. Tiny bones of birds or the 
goanna's tail are crunched by the iron-strong teeth of the 
Worora and eaten. When the man, and the woman, have 
extracted all that they can from the bones, then the dogs 
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take them and chew the bones till little or nothing 1s left" 
(Love, 1936: 64). 
The ecology and behavior of dingoes needs to be discussed in 
order to estimate and recognise potentially different taphonomic 
impacts caused by dingoes on human occupation sites. Data from 
experimental and field observations also needs to be discussed in 
order to establish whether a unique set of taphonomic signatures 
can be assigned to dingoes generally. 
5.10.3. Habitat 
Dingoes are well adapted to climatic and environmental 
extremes and are found throughout mainland Australia (Green and 
Catling, 1977). However, diminishing water supplies appears to 
initiate seasonal movements in areas where regular dry seasons 
occur. Dingoes living in the arid regions of Central Australia have 
been found to move during the hottest times from open sandy 
country to the rough hill country where water and rockshelters are 
rnore likely to be found (Meggitt, 1965, Finlayson, 1952). 
5.10.4. Home range and dens 
Harden (l 985) radio tracked five adult and four juvenile 
dingoes on an escarpment 50 km east of Armidale, New South 
Wales. Resulting data revealed that their home range was defined 
principally by the topography of the area and within a home range 
particular localties were frequently visited. The dingoes were 
tracked over consecutive days and nights and were found to be 
mobile throughout the day but most active at dawn and dusk. 
Harden found that the dingoes alternated short periods of 
movement with shorter periods of rest; 70% of rests lasted an 
average of 30 minutes or less and no rest period was ever observed 
to be longer than 3 hours. The dingoes were found to be equally 
active throughout the day and night with greatest activity at dawn 
and dusk (1985). 
Whelping takes place in a den such as a cave, hollow log or 
burrow (Breckwoldt, 1986, Green and Catling, 1977, Corbett and 
Newsome, I 975, Breckwoldt, 1988). Corbett and Newsome (1975) 
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add that whelping sites are mostly within 2 or 3km of water. 
Unlike more recently introduced domestic dogs. dingoes only breed 
once per year, with the pups becoming independent at 
approximately two months of age (Breckwoldt, 1988). Prior to 
their independence the pups are often relocated to larger or more 
secure dens by the mother (Corbett and Newsome, 1975; 
Breckwoldt, 1988). 
Intially the mother regurgitates food for the pups but from 
around six weeks of age whole rabbits or large bones are brought in 
for the pups to consume. The pup's excreta is usually consumed by 
the mother in order to either keep the den clean or for her to gain 
additional water (Breckwoldt, 1988). The clean state of dens is 
further enhanced by the habit of dingoes to regularly defecate in 
particular places along trails to create what Breckwoldt (! 988) has 
termed "olfactory communication sites". 
On the basis of the above information an insignificant amount 
of bone debris would accumulate in dens. A similar lack of meal or 
scat debris is expected in whelping sites. Whelping sites used for 
at most two months of the year but kept clean of scats would 
accumulate little material other than some meal debris 
accumulating during the last month of the pups' containment. Thus 
a den itself is likely to produce little bone debris and the use of a 
rockshelter or cave site for denning may not be archaeologically 
visible. 
However Tidemann (1967) records having found a bone 
assemblage in a "dingo lair" at Tantanoola, South Australia. This lair 
was used by dingoes and later foxes, as shown by the amount of 
crushed and chewed bone found; 
"The bones came from the animals which had been 
killed by these carnivores and then dragged into the lair; 
they were nearly all crushed and chewed to a large extent 
and few complete skulls were obtained from this locality. 
Remains were also found of dingoes and foxes which had 
died in the cave" (Tidemann, 1967 :21 ). 
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5.10.5. Prey 
Studies on the dingo over the last twenty years have largely 
been initiated by the continuing controversy over the control of 
dingoes in rural areas. These studies are extremely useful for the 
diet, hunting methods and ecology of the dingo but it must be kept 
in mind that many of these studies do not differentiate between 
wild or feral domestic dogs, dingo/domestic hybrids and pure-bred 
dingoes. Newsome and Coman ( 1989: 1000) presented the 
geographical variation m the extent of dingo/domestic dog 
hybridization. Dingoes in the Simpson Desert were represented as 
approximately 98% pure bred whereas a sample trapped in south-
east New South Wales found pure-breds to represent 23% of the 
total and hybrids 57%. In the Gippsland region of Victoria pure 
breds accounted for 60% of the trapped sample and hybrids 31 %. 
Thus studies of wild dogs in the more populated coastal areas of 
south-eastern Australia are likely to include fewer pure bred 
dingoes. The behaviorial and ecological similarities between 
modern so-called dingoes and hybrid dogs, and their prehistoric 
counterparts has not been an issue in the published literature. 
There is good evidence that the diet and hunting methods of 
wild dogs alters geographically across Australia. However whether 
this variation is related to the extent of hybridization or differing 
habitats is difficult to assess. Thus, there is a very real problem in 
using the modern data to make taphonomic interpretations. 
Although it is not the aim of this thesis to resolve this issue, it is 
neccessary to bear it in mind in order to identify data which can 
reveal the ecological patterns of prehistoric dingoes. 
The dingo has been described as both an opportunistic feeder 
(Newsome, et al., 1983, Lunney, et al., 1990) and as a selective 
feeder (Robertshaw and Harden, 1986, Marsack and Campbell, 
1990). Although Lunney et al (1990) used the term "opportunistic 
feeder" to describe dingoes, they found that hair analyses from 
scats from wild dogs around Bega showed a preference for Swamp 
Wallabies Wal/abia bicolor. 
Robertshaw and Harden (1985, 1986) found that dingoes in 
north-east New South Wales also exhibited a preference for Swamp 
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Wallabies. After extensive analyses of both hair and skeletal 
remains in 1993 scats they found no evidence for the dingoes as 
opportunisitic feeders. Although the dingoes were found to have 
hunted a wide range of native mammalian species and eaten from 
37 different food classes, a definite preference for larger mammal 
species, especially wombats and macropods, was demonstrated. 
An analysis of the stomach contents from 386 dingoes trapped 
at Erldunda in Central Australia similarly showed that al!hough a 
wide variety of food was eaten, definite preferences were 
demonstrated. However, in contrast to the dingoes in north-east 
New South Wales, these arid zone dingoes showed a clear 
preference for medium to small-sized mammals, with rabbits 
having a 56% occurrence rate (Corbett and Newsome, 1987). 
Larger species such as the Red Kangaroo Macropus rufus were 
found to be predated upon only during drought when rabbit 
numbers were low. Rabbits were also noted by Whitehouse (1977) 
to be found only in the stomachs of dingoes " ... obtained from the 
Nullarbor region, where they formed a large part of the diet" 
(Whitehouse, 1977:147). Away from the Nullarbor, Whitehouse 
found that dingoes in Western Australia concencrated on Red 
Kangaroos and Euros Macropus robustus which represented more 
than 70% by volume of stomach contents with an occurence of more 
than 65%. 
As stressed by Robertshaw and Harden (1985, 1986) there is 
need for caution in generalizing for such a geographically wide 
spread predator group as the dingo, when the data used is taken 
from a select area with a select prey population. It can be added to 
this that differing degrees of hybridization may influence the range 
of prey sizes seleclively hunted and the methods. 
Newsome and Coman ( 1989) suggested that size classes of prey 
vary with the locality and abundance of the prey. However, in 
contrast to this statement, their own data indicated that dingoes 
inhabiting Central Australia maintain a selective preference for 
rabbits even when that population becomes severly depleted due to 
drought; Red Kangaroos were apparently predated upon as an 
absolute last resort. 
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Corbett and Newsome (1975) noted that plague rodents ( Rattus 
villosissimus, Notomys spp., Mus musculus) were also hunted in the 
arid zone during flushes. This was also observed by Green and 
Catling (1977) on the Barkly Tablelands and in Central Australia, 
and earlier by Finlayson (1939). 
Prior to the introduction of the rabbit, Corbett and Newsome 
(1975) presume that similarly-sized native mammals such as 
bandicoots (Chaeropus spp., Perameles spp. and Macrotis spp). rat-
kangaroos (Bettongia spp.) and hare-wallabies (Lagorchestes spp. 
and Lagostrophus spp.) would have been the most abundant prey 
for dingoes inhabiting the arid zones. 
Dingoes are also noted to feed on carrion if necessary 
(\Vhitehouse, 1977) 
\Vhitehouse (1977) presumed that the practise of cannibalism 
observed in captivity between adults and pups would be rare in the 
wild. However, Breckwoldt (1988) observed a free-ranging female 
eating all of another females pups which had been left unattended. 
He also observed dingoes consuming the carcass of a recently dead 
dingo. 
Robertshaw and Harden (1986) found that as the dingo 
population increased, the diet also changed. This was most 
noticeable between May-October and November-April, with the 
former period (the annual breeding season for dingoes) showing a 
relative increase in the occurrence of non-macropod species in scats. 
As lactating females are limited by time away from the pups, there 
is increased hunting pressure in a small area around the den. This 
results in an increase in the diversity of prey species taken. 
Furthermore, as the pups begin to take their own prey, smaller 
species are concentrated 
non-macropod groups. 
in Central Australia. 
on, which in this study was reflected in the 
However, this was not found to be the case 
Newsome and Coman (1989) found that the 
rabbit population 
by the mother. 
in the vicinity of the den was not predated upon 
This ensured that prey around the den would be 
available for the pups as they matured sufficiently to attempt their 
own hunts. 
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As Breckwoldt (1986) points out, dingoes in the centre appear 
to have different general diets to those in eastern Australia. Green 
and Carling (1977) note that dingoes have been recorded as 
consuming about 7% of their body weight per day, i.e. about lkg per 
day. This is equivalent to one rabbit - the usual food of dingoes in 
central Australia - or to approximately one leg from a Swamp 
Wallaby; the usual food in eastern Australia. 
In summary the fact that dingoes prefer to hunt medium-sized 
mammals in the arid zone but select larger mammals in the coastal 
high rainfall areas either reflects differing climatic and geographical 
adaptations, prey availability or the extent of hybridization in 
dingoes. Prey size selection brings in the next question of the 
method of hunting most used by dingoes, i.e. independently or in 
packs. 
According to the available evidence medium-sized mammals 
such as rabbits generally fall prey to dingoes hunting independently 
but larger mammals require cooperative hunting between two or 
more dingoes. The former activity tends to occur predominantly in 
Central Australia where practically all dingoes are pure bred. The 
latter activity tends to occur more frequently in coastal areas where 
hybridization is present to variable degrees. Thus yet again the 
question is raised; do pure-bred dingoes naturally hunt alone and 
are they therefore limited to medium-sized prey, whilst inter-
breeding has created the propensity for hybrid dingoes to hunt in 
packs in the manner of domesticated dogs? Or is it that different 
methods of hunting are purely a factor of the terrain and the 
available prey? 
Another aspect which has not been raised in the published 
literature is that rabbits may be preferred in the centre as opposed 
to wallabies/kangaroos because of higher levels of fat and/or water 
in rabbit meat compared to kangaroo meat. Y!etabolically, dingoes 
may need to consume meat with a higher fat and/or water content 
when subject to arid conditions. Additionally, energy expenditure 
and dehydration may be minimalised by hunting rabbits: Marsack 
and Campbell (1990) found that dingoes could run down a rabbit 
within a mere lOOm. 
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5.10.6. Hunting and eating behaviour 
According to Corbett and Newsome (1975), an average dingo 
weighs 20kg and stands about 50cm high at the shoulders. In their 
opinion these physical dimensions did not enable dingoes to 
independently hunt kangaroos. Independent hunting restricted 
them to rabbit-sized prey, but co-operative hunting enabled them 
to hunt larger prey. However, Marsack and Campbell (l 990) found 
that dingoes rn the arid zone, whilst primarily preying 
independently on rabbits, also preyed independently on kangaroos; 
"There was no evidence that groups of dingoes co-operated to hunt 
kangaroos ... " (1990:355). It was also found that although the 
hunting of kangaroos was less common, it actually had a greater 
success rate. Consumption of a kangaroo carcass was usually 
shared by more than one dingo. Information on the age range of 
the kangaroos was not included the survey by Marsack and 
Campbell (1990) which leaves open the question of whether these 
dingoes concentrated on juveniles. · 
Breekwoldt suggested that the dingoe's success in Australia 
was due to its ability to "congregate in a pack structure to co-
operate very effectively rn hunting large game" (1986:25). 
However, he does add that it is unusual to see dingoes travelling in 
large groups. This view is supported by Meggitt (l 965) who found 
that dingoes rarely congregate in packs of any size except in 
atypical environments. Meggitt did find that a male and female 
pair may "regularly join forces to hunt larger game, afterward going 
off to their separate lairs" (1965:13). Thus dingoes have become 
known as mostly solitary animals but are capable of forming short-
term and loose associations (Green and Catling, 1977; Corbett and 
Newsome, 1975). On the basis of the available information, the 
question of whether dingoes typically hunt alone for all prey sizes 
or hunt alone for only smaller-sized prey is unresolved. 
Shepherd (198 l) observed five dingoes over a period of seven 
weeks in north-western New South Wales around a watering hole 
regularly used by a group of Red Kangaroos. During this time 
Shepherd (1981) recorded 83 deaths amongst the kangaroos due to 
attacks by the dingoes. Autopsies were performed on l 7 of the 83 
carcasses. It was found that the dingoes were mainly attacking and 
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killing the juveniles and adult females (1981 ). It was suggested 
that this may be the normal pattern of predation as large male 
kangaroos continually ignored the sudden appearance of the 
dingoes. A consistent pattern of attack was a bite to the left hind 
leg and another to the throat, followed by further bites to the throat 
and neck. The autopsies further showed that only nine of the 
seventeen Red Kangaroos examined had been eaten, with only 
minor portions having been consumed; abdominal contents, 
hindquarter muscle and thoracic contents (Shepherd, 1981). Thus 
Shepherd (1981) concluded that the anecdotal evidence 
surrounding the dingoes propensity to kill or maim sheep in excess 
of basic requirements was confirmed. However Shepherd's ( 1981) 
study is in sharp contrast to the surveys by Robertshaw and Harden 
(1985, 1986) in north-eastern New South Wales. 
Robertshaw and Harden (1985) analysed bone fragments in 
dingo scats collected from the Armidale region of New South Wales. 
Fragments identified as macropod where divided into two age 
classes, "dependent" or "independent", referenced against a skeletal 
collection obtained from wallabies shot in the local area. The aim of 
the exercise was to determine if one age class was targetted more 
than the other and if carcasses from one age class were better 
utilized than from the other. The authors were confident in 
concluding that "dingoes consume bone from all parts of the 
carcasses of both dependent and independent macropods, which 
contrasts with the finding of Shepherd (198 l ) ... " (Robertshaw and 
Harden, 1985: 169). However they did point out that the 
macropods in their survey area were Swamp Wallabys Wa/labia 
bicolor rather than Red Kangaroos as in Shepherds (1981) study; the 
adult weight of a Swamp Wallaby is equivalent to that of juvenile a 
Red Kangaroos. 
Robertshaw and Harden (l 985) concluded that percentage of a 
carcass consumed appeared to vary with macropod age and 
abundancy in a specific area. Furthermore, an increase in a dingo 
population tended to cause greater carcass utilization rather than 
more animals being killed, i.e. more dingoes would feed together 
(1985). 
Marsack and Campbell (1990) found that dingoes on the 
western Nullarbor plain tended to consume rabbit carcasses 
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"quickly and completely; one rabbit was entirely eaten within 3 
minutes of its capture." (1990:352). Ir was assumed that one 
rabbit usually fed one dingo and only once were two dingoes 
observed sharing a rabbit; a subadult and and an adult, presumed 
to be it's mother. Although these dingoes were found to 
concentrate on rabbits in the open areas they also, but less often, 
hunted kangaroos in the timbered areas. It must be stated though, 
that the researchers recognised that this impression may have been 
biased by the better visibility and helicopter access in open areas 
compared to the more timbered areas. 
Marsack and Campbell (1990) examined 27 kangaroo carcasses 
killed by dingoes for injuries and found that 85% had suffered 
injury to the head and neck. The next most common injury was to 
the main flexor muscles of the hind legs which incapacitated the 
animal. 
Marsack and Campbell (1990) also recorded the pattern of 
feeding by dingoes on 26 kangaroo carcasses less than 48 hours old. 
3 showed no sign of feeding at all, 15 had some or all of the 
abdominal viscera eaten and 9 of these 15 also had the thoracic 
viscera eaten. 16 had muscle from the pelvic region and upper hind 
legs eaten. 5 showed feeding on the head, neck and upper body 
and 4 on the tail, the latter being well-eaten carcasses. 
Marsack and Campbell (1990) examined a further 60 carcasses 
which were up to 2 weeks old and found that little or no feeding 
had occurred on 16 of them. Furthermore, no more than two 
dingoes were ever seen feeding together. 
Marsack and Campbell (1990) concluded thal dingoes were not 
strictly opportunistic feeders. Dingoes appeared to concentrate on 
small to medium-sized prey with limited exploitation of large prey. 
despite having a greater success rate with the latter. 
Information by Harden (1985) from radio·tracked dingoes in 
the Armidale region of New South \Vales suggested that "dingoes 
usually took prey by stealth and surprise rather than by fast, long 
pursuit" (Harden, 1985:36). Harden believed this to be related to 
the broken terrain and dense vegetation of this region over which 
pursuit would be difficult. This implies that the method of hunting, 
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i.e. independently or in packs, is determined by terrain rather than 
biological determinants such as hybridization. However, in Central 
Australia, where broken terrain and dense vegetation are not 
encountered to the same extent, dingoes were observed hunting 
rabbits by running them down after a very short pursuit or by 
digging them out (Marsack and Campbell, 1990). Thus here the 
evidence points to pure-bred dingoes hunting independently by a 
similar method employed by hybrid dingoes which hunt co-
operatively, the only difference being in prey size. However, 
Meggitt (1965) recorded anecdotal evidence from Walbiri men in 
central Australia that pure-bred and hybrid dingoes tracked their 
prey for considerable distances over a whole day before bailing up 
the exhausted animal. 
From all the evidence it appears that pure-bred dingoes tend to 
independently hunt small to medium-sized mammals but will 
occassionally cooperate, usually with their mate, to hunt similarly 
sized or larger prey. The preferred method of hunting is by short 
pursuit after surprising or cornering the victim. 
Whitehouse (1977) recorded observations of dingoes in pens 
which indicated that "large items of food tend to be bolted whole 
with little mastication." (Whitehouse, 1977: 148). However, this 
may reflect captive diet and/or feeding routines. 
Robertshaw and Harden (1985) suggested that breeding 
seasons and the raising of pups may cause a change in the dingo's 
hunting strategy, whereby they would tend to concentrate on 
immediately available prey and on smaller species which the pups 
themselves could kill. 
Meggitt (1965) observed dingoes foraging round camps 
permanently or temporarily vacated and also visiting inhabited 
camps at dawn. 
In summary, the method used to kill larger prey may damage 
the soft tissues of the neck and the legs but will not necessarily 
damage the bone itself in a recognisable way. Occasionally it has 
been observed that only certain portions of larger 
consumed but on other occassions the whole carcass is 
Smaller prey such as rabbits appear to be entirely eaten. 
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prey are 
consumed. 
Dingoes 
have not been observed dragging carcasses into a den, except when 
pups are being fed and in this case the prey is small and entirely 
consumed by the pups. 
Taphonomically, this implies that meal debris from wild 
dingoes will not be left in a den or added to any meal debris 
discarded by humans. Scat debris however, may be added to 
human discard and human discard may also be modified by 
scavenging dingoes. Thus it is necessary to analyse scat bone 
fragments and toothmarks on meal debris from dingoes for unique 
taphonomic signatures. 
5.10.7. Toothmarks 
The bone debris discarded by dingoes during the feeding trial 
at the Taronga Park Zoo described above was collected by Solomon 
and David (1990) and analysed for tooth~marks. 
Tooth marks were found to be concentrated at or near areas of 
maximum meat. However, despite some 413 marks being 
identified on the bones, few were apparently distinctive. Of those 
that were, four categories of tooth marks were recognised. These 
however are not uniquely different from the tooth-marks 
associated with Tasmanian Devi I feeding described by Sob be (1990) 
and discussed in Section 5.8.6 of this chapter. 
Overall the degree of damage recorded to the collected bones 
was thought by Solomon and David (1990) to be related to the 
hunger of the dogs, the size difference and relative density of bones 
and the species, age and sex of the prey animals. 
On the basis of the published information, tooth-marks of 
dingoes (Solomon and David, 1990) are not uniquely different from 
those of Tasmanian Devils (Sobbe, 1990) apart from the absence of 
recognised "scoring" marks on material derived from Tasmanian 
Devils. Thus scoring appears to be the only unique taphonomic 
signature for dingoes. However, it must be remembered that all 
this material was derived from zoo-bred, captive animals; in the 
case of the Devil they lacked any feeding competition. Apart from 
scoring there is an obvious overlap in terminology, description and 
size range of the toothmarks. Toothmarks caused by both dingoes 
and Tasmanian Devils were found to be concentrated on the bone 
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ends (pit marks) and at or near muscle attachment areas (incisions 
and scores). Significantly, Solomon and David (1990) concluded 
that 
"overall the dingo-eaten assemblage has few 
distinctive toothmarks in proportion to the amount of 
damage inflicted .. " (1990:241). 
Solomon and David (1990) also found that the uneaten 
macropod skeletal elements collected during the feeding trial were 
similar to skeletal elements identified from an incomplete wallaby 
carcass found in a rockshelter in northern Queensland, presumed to 
have been used as a den by dingoes. Thus they concluded that a 
consistent skeletal bias may be apparent rn assemblages 
accumulated by dingoes. 
"Some bones were consistently missing from the 
collection of food remains over the seven day period. 
These were: the radius, ulna, humerus, scapula, clavicle, 
vertebrae and ribs .... This indicates that in small and large 
macropod carcasses, the forequarter sections will possibly 
be missing in dingo eaten assemblages." ( 1990:240). 
However, as has been discussed previously this is of little use 
when analysing an archaeological assemblage in which post-
depositional disturbance by a variety of taphonomical processes has 
most likely taken place. Furthermore, the field observations 
discussed above by Newsome, Corbett, Catling and Burt (et al., 
1983), Robertshaw and Harden (1985, 1986), \\lhitehouse (1977), 
and Shepherd (1981) do not provide any evidence that dingoes 
prefer the forequarter areas and leave the rest of rhe carcass. Nor 
is there any evidence for the suggestion that dingoes regularly take 
whole carcasses back to dens, consume preferred portions and leave 
the remainder to accumulate over time into an anatomically biased 
assemblage. 
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However, it must be stated that Solomon and David (1990) do 
note that the "utilization of carcasses under natural conditions 
depends on a number of variables". Unfortunately, however, 
despite the fact that they are attempting to give a purely Australian 
perspective of canid behavior, their information for these variables 
is not taken from field observations on dingoes but from texts on 
general canid behavior. 
5.10.8. Scat deposition/ Latrine behavior 
According to Newsome and Coman (1989) dingoes use faeces 
and urine as messages rather than placing them at random. These 
"messages" are to indicate to other dingoes territorial boundaries 
and the presence of particular animals. Breckwoldt (1988) 
describes olfactory communication sites, created by marking scent 
posts with urine, faeces or glandular secretions. As discussed 
above for whelping dens, such behavior is unlikely to result in scat 
debris being deposited in dingo dens. However, it must be assumed 
that scats may be deposited in a human occupation site from which 
dingoes may scavenge. 
5.10.9. Scat bone 
Controlled feeding experiments on domestic dogs and analysis 
of the resulting scat bone have been undertaken both within and 
outside of Australia (Davidson, 1987, Payne, 1985, Kent, 1981). In 
each case results were gained from knowing the quantity and type 
of skeletal element fed to the caged and domesticated dog(s). The 
difference between the original amount of prey bone and the prey 
bone extracted from the scats was calculated and any observable 
damage to the bone described. However, such results suffer from 
the same problems as discussed earlier in this thesis for pellet bone 
collected from caged owls. The central problem in all feeding trials 
is the use of a very restricted diet which may have little similarity 
to the natural diet, the lack of feeding competition and the lack of 
comparability to fossil assemblages, which inevitably suffer post-
depositional destruction. 
cases used domesticated 
Furthermore, the feeding trials 
dogs fed a diet of ungulates. 
have in all 
This offers 
little comparison to free-ranging dingoes preying on Australian 
native fauna. 
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However, a more recent feeding trial undertaken in Australia 
involved captive dingoes and a diet of macropods (Solomon and 
David, 1990). 
Six dingoes housed at the Taronga Park Zoo in Sydney, 
consisting of a male and female (both 5 years old) and their 
offspring (two males and two females all two years old) were fed a 
diet of fresh wallabies and kangaroos (Wallabia bicolor, Macropus 
robustus and M. giganteus). A total of twelve macropods with 
their feet, tails and paws removed, were fed to the dingoes. Scats 
were collected on the fourth, fifth and sixth feeding days to ensure 
that they contained only Macropod remains. Any unconsumed and 
discarded bones which could be located were also collected. 
The number of scats collected from the zoo dingoes totalled 17. 
This was considered by Solomon and David (l 990) to be too low for 
a significant sample and thus the collection was supplemented by 7 
scats, presumably deposited by wild dingoes and collected in the 
northern area of New South Wales by J. D. Robertshaw. All bone 
fragments were sorted into two classes; cortical bone and cancellous 
bone. 
Overall, 860 fragments were counted, which included 450 
cancellous and 410 cortical fragments. Of the 450 fragments of 
cancellous bone, 434 fragments ranged in size from 0.25 x 0.25 ems 
to l .O x 2.0 ems, with 15 fragments larger than the range. Of the 
410 fragments of cortical bone, 408 ranged in size from 0.25 x 0.25 
ems to 1.0 x 2.5 ems, with only 2 fragments larger than the range. 
Despite the similar number and size range of cortical to 
cancellous bone fragments, Solomon and David (1990) believed that 
cortical bone was better represented, due to its harder, more 
durable structure, and that it would therefore have greater 
presence rn dingo scat assemblages. Their own data does not 
support this suggestion and it is not clear on what basis it was 
made. 
Solomon and David (1990) suggested that a "model" dingo scat 
may have about 17 fragments of bone measuring between 0.25 x 
0.25 ems and 1.0 x 2.5 ems. 
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When this is compared with the bone from Tasmanian Devil 
scats, analysed by Marshall and Cosgrove ( l 990) there is 
considerable overlap. They measured 3868 bone fragments 
recovered from Tasmanian Devil scats, and found that 75% 
measured less than 1.5 ems, well within the expected range for 
bone fragments from dingo scats. The analysis of Tasmanian devil 
scat debris by the author (see Appendix 4) also indicated that about 
85% measured less than 1.5 ems. 
As there is no information on the surface condition of bone 
fragments from the dingo scats, these criteria make it impossible to 
assign scat debris from a mixed context to a specific agent. 
5.10.10. Conclusion 
Solomon and David (1990) proposed four criteria for 
differentiating between human and canid sites. These criteria were 
based on the results of the feeding trial and the analysis of the 
material from a presumed dingo lair. However, apart from the lack 
of criteria for which to distinguish between canid material and 
material deposited or modified by other mammalian carnivores in 
the same site, the method suffers from holding a generalised view 
of dingoes and relies on such sites remaining undisturbed even 
after dingoes have ceased to occupy the site. As indicated by the 
discussion on prey size and hunting and ingestion methods used by 
dingoes, all these factors vary with the physical terrain, climate, 
prey species abundance and the breeding season. However, the 
criteria proposed by Solomon and David (1990) in recognising a 
dingo occupation site are useful when a site has been free of 
occupation by all other carnivores. Allen's Cave indicates that 
Tasmanian devils were extant on the mainland until about 1500 BP, 
therefore sites showing only dingo activity are restricted to the 
recent past. 
\Vild dingoes may choose as a den or whelping site a site 
previously or afterwards occupied by humans. \Vhen the site is or 
was recently occupied by humans, wild dingoes may scavenge from 
it. Wild dingoes on the site would be: 
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I. Unlikely to bring prey into a den, although possibly to a 
whelping site; in either case they would leave no 
recognisable bone debris. 
2. Unlikely to accumulate scat debris in a den but might 
leave scat debris whilst site is occupied by humans. 
3. Likely to scavenge meal debris discarded by humans, 
leaving a reduced amount of bone and possibly some 
modified bone recognisable by toothmarks. 
Camp dingoes in their role as Aboriginal hunting aids 
pets would have a similar taphonomic impact on the camp, 
would be: 
1. Likely to bring their own prey into the site. 
2. Likely to accumulate scat debris in the site. 
and/or 
They 
3. Likely to scavenge meal debris discarded by humans, 
leaving a reduced amount of bone and possibly some 
modified bone recognisable by toothmarks. 
As discussed above the probability of dingoes accumulating a 
recognisable deposit in a den or whelping site is extremely small. 
For this reason it cannot be expected that the use of a cave such as 
Allen's Cave for a den would be identifiable. 
5.10.11. Summary 
The relationship between dingoes and Aborigines was not 
uniform throughout Australia. The degree of scavenging by 
dingoes within the camps would in turn vary according to the 
particular role they played. Pets returning to the wild on maturity 
would have minimal impact but adults staying on would have a 
much greater impact. Whether or not dingoes in the camp were 
fed or hunted their own prey, it is unlikely that they would ignore 
any discarded bones. Dingoes remaining with the camp would no 
doubt scavenge, digest and defecate any discard somewhere within 
the camp vicinity. \Vild dingoes would also come into the camp to 
do likewise when the opportunity arose, such as the abandonment 
of the camp. 
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Summary 
modification 
of 
by 
evidence 
mammalian 
for bone deposition and 
carnivores 
The taphonomic evidence presented in sections 5.3-5.6 for 
bone deposition and modification by quolls, devils, tigers and 
dingoes can be summarised into the following table. 
Table S.13. Taphonomic signature criteria for the 
carnivores from Allen's cave. 
Scats 
Fragment I unknown unknown I 5-40 mm I 
10-25 mm [ 
size I ! I ~·--~·-~ I Digestive unknown ' unknown surface I surface 
I unknown 
pi ttin !! damage I oittin2 
,..... 
Puncture unknown ! 0.5-4.0 mm I o.5-3.5 mm 
size I ! 
Gnawing unknown 
I 
unknown ' unknown ! i grooves on 
marks I ! epiphyses._ 
' ' Meal debris 
Fragment unknown unknown able i variable size 
Puncture unknown unknown I 0.5-4.0 mm_rS-4.0 mm 
size ' i 
Gnawing unknown unknown I grooves I 
grooves 
marks 1 
The data in this table, based on the information on mammalian 
carnivores presented in this chapter and Appendix 4, shows that 
not only is there a significant overlap in taphonomic signatures for 
Devils and Dingoes, but that insufficient data exists for Thylacines 
and Quolls to formulate any taphonomic signatures for these 
animals. This means that thylacines and quolls cannot therefore be 
excluded as taphonomic agents; it must be assumed that all four 
carnivores were present around Allen's Cave. However the 
information from the review of literature presented in this chapter 
implies that Devils were the primary depositor of bone debris in the 
site until the late Holocene, after which time Dingoes became the 
primary depositors of bone debris. The vast majority of scat debris 
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i 
I 
I 
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i 
i 
i 
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was left at the site by Devils and possibly Dingoes, scavenging 
and/or leaving social signals. 
5 .11. Allen's Cave and evidence for deposition by 
mammalian carnivores 
Some of the material from Allen's Cave exhibits effects of 
digestion. Examples of digestion are shown in Plates 12 and l3 
which include material approximately 3 ,000 years old and 
associated with devil, tiger and dingo presence. However, very few 
puncture or scoring marks, crushing of surfaces, notches along bone 
shaft fragment margins or transversely across the shaft fragment 
were recorded, such as that shown in Plates 5.11. and 5.12. were 
actually recorded in the assemblage. The weight of obviously 
digested bone material for the Pleistocene, Holocene and Late-
holocene horizons are shown in Table 5.14 below. 
Table 5.14. Weight of digested bone and total bone in 
Pleistocene, (spits E4/41-23) mid-late Holocene (spits 
E4/22-9) and late Holocene (spits E4/8-1) horizons in 
Allen's Cave. 
Table 5.14 above shows that Dingoes deposited little digested 
bone even though they are the major non-human predators during 
the late Holocene, when Devils and Thylacines are no longer present 
in the site. However the insignficant amount of material 
attributable to dingoes may simply be because dingoes were 
defecating outside the cave and may not imply that they were not 
active in the vicinity of the site. 
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Plate 5.11. Scat bone debris from Allen's Cave 
' .i 
'I • 
f •1 
., ' 
Plate 5.12. Scat bone debris from Allen's Cave 
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Appendix 4 of this thesis describes the results of an analysis by 
the author of the bone debris from 155 modern Tasmanian Devil 
scats. The results show that only a minor percentage of material 
actually exhibited the gross characteristics such as that which 
obviously identifies scat debris in the Allen's Cave material. The 
digested material identified in the Pleistocene and mid to late 
Holocene, from Allen's Cave can not be taken as indicating limited 
use of the cave by Tasmanian Devils. 
The question of fragmentation rates in the small and medium 
mammal assemblage in the site, discussed earlier in Sections 7 .3 
and 7 .4, remains to be answered. The information on the 
mammalian carnivores implies that certainly some of the smaller 
mammal material could have been deposited in scats. However, by 
comparing estimates of MNI for mandibles, maxillae, femurs and 
humeri for the most numerous groups - Bandicoots and Notomys 
spp ., the estimates are found to far less equivalent for the smaller 
prey group than for the larger Bandicoots. This may be merely 
indicative of the increased loss of material from smaller species due 
to the coarse sieve sizes used in the excavation, as shown ·in Table 
5.15 below. 
Table 5.15. MNI estimates from cranial and major post-
cranial skeletal elements for Bandicoots and Notomys sp. 
from Allen's Cave Pit E4, spits 6-22. 
! 
' i iaws femurs humeri 
' I I 40Ll Bandicoots 448 351 I 
··-~-· 
' i I Notomvs Sp. 946 I 1000 ! 683 
___J 
This indicates that predation is primarily by owls but other 
agents may be involved. The wide range of bandicoot skeletal 
elements, as demonstrated in the presence of scapulae, pelves, 
calcaneum, ulna, tibia, radius although in diminishing numbers 
compared to MN! estimates for 1aws, supports this suggestion. 
195 
On the basis of the data in Table 5 .15. above, it was 
hypothesised that fragmentation rates identified for major limb 
bones from small and medium mammals was due to primarily 
human occupation. To test the hypothesis a sample of bone from a 
Pleistocene owl deposit excavated from a limestone rockshelter near 
Queanbeyan, New South Wales was analysed by the author. This 
deposit consisted mostly of Bandkoots and large murids (Boot and 
Cooke, 1990) and contained no evidence for human occupation. 
The results are presented in Appendix 3 of this thesis and 
summarised below. 
Table 5.16. Fragmentation percentages for femurs and 
humeri of murids from Douglas Cave. 
This data shows that fragmentation occurs naturally in fossil 
assemblages, although at a lower rate than recorded for the Allen's 
Cave assemblage. The major difference between the two 
assemblages is the occupation of Allen's Cave by humans and it is 
this factor which probably accounts for the difference in 
fragmentation patterns identified. This issue is discussed further 
in Chapter 7, where the fragmentation pattern is compared with 
rates of deposition for stone artefacts. Two occupation activities 
are suggested; processing of smaller mammal carcasses during 
consumption and/or post-depositional effects on pellet bone such as 
treadage. These will be discussed in Chapter 7 
Having discussed the available evidence for bone deposition 
and modification by the range of non-human carnivores associated 
with Allen's Cave, it is necessary to concentrate on the identified 
characteristics of human deposition and modification of bone in 
occupation sites. 
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CHAPTER 6 
Modification of bone by humans 
6.1. Introduction 
"Since different parts of any carcase may be valued 
for a variety of uses, it is logical to assume that the 
activities involved in butchery should produce distinct 
patterns in the fauna! record. However, interpretation is 
hindered by three major problems: insufficient knowledge 
of the expected nature of the assemblages created by the 
postulated activities, admixing of bones from different 
activities, and biases created by other sources of sample 
variation" (l\1altby, 1985:49). 
In Africa the search for the earliest sites of hominid activity 
has shifted the focus away from stone artefacts towards bone 
assemblages. Evidence has been sought of hominid modification of 
these bone assemblages - cutmarks, disarticulation patterns and 
long bone fragmentation specific to hominid agency (Shipman and 
Rose, 1983; Shipman, 1984, 1986; Bunn, et al., 1988; Hill, 1983; 
Potts, 1988). However the criteria used to distinguish bone 
modifications produced by early hominids in kill and/or butchery 
sites from those made by other carnivores have been controversial. 
Furthermore, the possibility of hominid scavenging from carnivore 
kill sites has lead to further disagreements on the identity of 
cutmarks versus toothmarks (Binford and Todd, 1982; 
Behrensmeyer, 1987; Blumenschine, 1988; Shipman, 1986). 
Bone assemblages have also been the focus of identifying the 
earliest Palaeo-lndian sites in North America (Todd, 1987; Lyman, 
1978; Fischer, 1984). However the situation in Australia is quite 
different. 
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Human kill sites involving extinct megafauna have not been 
conclusively identified in Australia. However sites containing 
bones from extinct megafauna in association with stone artefacts 
have been excavated, for example at Lancefield Swamp in Victoria 
(Gillespie, et al., 1978), Lime Springs in New South Wales (Gorecki, 
et al., 1984), Tanbar Springs in New South Wales (Wright, 1993) and 
most recently the re-excavation of Cuddie Springs in New South 
Wales (Furby, 1994), but clear evidence for human modification of 
the bone in the form of cutmarks, disarticulation patterns or long 
bone fragmentation has not been found. 
These bone assemblages tend to be highly fragmented with 
many smaller, extant species incorporated with the skeletal 
elements of the extinct megafauna. The bone recently excavated 
from Cuddie Springs is however atypical in that most has been 
recovered in a near complete state, but none shows clear evidence 
for human modification (Furby, 1994 ). 
Archaeological sites contarnrng bone from smaller extant 
species do not exhibit the features which typically categorise kill 
and/or butchery sites of large animals. Even the largest of the 
modern macropods, the Red and Grey Kangaroos, average Jess than 
66 kg for males and 27 kg for females. As remarked upon 
previously by Horton (l 986) such a weight could easily be carried 
to an occupation site without prior need to butcher or disarticulate. 
This negates the "schlepp effect" (the differential transportation of 
body parts between butchery site and camp site) originally 
proposed by (Perkins and Daly, 1968) and identified in overseas 
sites. It also means that, because there is no preferential transport 
of choicer carcass parts, specific research techniques such as the 
nutritional (MGUI) indices introduced by Binford (1981) are 
inapplicable to Australian assemblages. 
Australian ethnographic evidence indicates that large 
rnacropods were typically cooked in pit ovens constructed at the 
occupation site, prior to butchering (Harney, 1951; MacPherson, 
1884; Dawson, 1881; Beveridge, 1884), Some reports, such as that 
by J. B. Love ( 1936), indicate that butchering occasionally took place 
at the kill site, but such events are unlikely to have been preserved 
as archaeological sites considering the degree of scavenger activity 
by both Tasmanian Devils and dingoes as discussed in Chapter 5. 
198 
No kill sites involving non-megafaunal species have been found in 
Australia. 
Gould (1967) found that carcasses were cooked prior to 
butchering in order to ease disarticulation of the joints. This 
implies that cuts were only applied to the more resilient tendons, 
with the result that little damage occurred to the skeleton itself 
(Horton, 1986). 
Thus many differences can be expected between bone from 
Australian sites and those overseas. Compared to overseas sites, 
where animal carcasses may be too large to carry whole and are by 
necessity butchered and disarticulated at the kill and/or butchery 
site for transport back to the occupation site, Australian kill sites 
will be unrecognisable in the archeological record, and if all 
butchery was performed at the occupation site, butchery sites will 
be undifferentiated from occupation sites. As cooking preceded 
butchering, little if any damage would be inflicted to the bone from 
butchery. The points of similarity between bones in overseas and 
Australian occupation sites will be in the later fragmentation of long 
bones to remove marrow, deliberate or inadvertent burning of bone 
debris, and fabrication of bone tools. Thu.s it is this end of the 
processing spectrum which is of greater concern in Australian 
archaeology. 
In summary, Australia lacks the kill and butchery sites 
frequently located in Africa or North America and characterised by 
disarticulation patterns and obvious skeletal damage in the form of 
cutmarks. Australian prey is wholly transportable without need 
for prior disarticulation or butchery which tends to take place after 
cooking in the occupation site: possib.le biases due to transport of 
preferred carcass parts are not an issue. Initial cooking of the 
carcass prior to butchery may necessitate fewer cuts and thus less 
damage to the bone. However, patterns of long bone fragmentation 
and burning of bone debris is expected to be similar to patterns 
identified in overseas assemblages. 
This chapter wi.11 discuss the criteria for identifying human 
agency in relation to: cutmarks on bone; long bone fragmentation; 
burnt bone; and bone fabrication. However it must be recognised 
that, as discussed in Chapter 5, much if not all of the bone debris 
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derived from human activity will have been later affected by 
scavengers. The impact of secondary modifiers in altering existing 
patterns and creating new ones has also been recognised in North 
American Bison bonebeds (Todd, 1987): a high scavenging rate 
would mean that cutmarks, disarticulation patterns and/or debris 
from human processing of bone for marrow or artefacts may not be 
obvious. The evidence for human modification of bone 
assemblages in human occupation sites discussed in this chapter 
needs to always take into account possible secondary modification 
by scavengers. 
6.2. Modification during processing 
6.2.1.ldentifying cutmarks on bone 
Criteria for deciding whether cutmarks on prey bone were 
made by humans or by other carnivores became important rn 
Australia following the interpretation by (Archer, et al., 1980) of 
the bone assemblage from Mammoth Cave. Some of the bone in 
this assemblage was found to have cutmarks, one bone was notched 
and some charred (Archer, et al., 1980). Despite the absence of any 
other evidence for human occupation in the site (Archer, et al., 
1980) assigned the cutmarks to human agency. Clearly here the 
identification of human modification to bone assemblages was of 
paramount importance when other archaeological evidence was 
absent. 
Some bone fragments from larger prey in the assemblage from 
Allen's Cave displayed macroscopically obvious cutmarks. 
SEM imaging was used to determine if individual cutmarks 
could be attributed to either stone tools or carnivore teeth. 
However, an extensive review of the current literature on 
differentiating cutmarks on the basis of the depth and angle of the 
trough, presented in the following discussion, clearly indicates that 
it remains a controversial area. 
Skinning and dismemberment are " ... tasks universally faced by 
hunters of large game animals" (Walker, 1978:710). Carcass 
processing methods involve slicing, flaking, filleting and chopping of 
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muscle, connective tissue and/or bone by stone, bone or metal tools, 
all of which can cause cutmarks on bone. 
In contrast to toothmarks, the location of butchering marks are 
generally supposed to reflect the position of muscle and tendon 
attachments and joint areas (Walker, 1978). Similarly the 
orientation of butchery marks is believed to be aligned with the 
direction taken by the butcher in dislodging meat from bone, rather 
than with the general curving surface of the bone (Walker, 1978). 
(Lyman, 1987) has presented a comprehensive review of the 
literature of the preceding 25 years from North America .on carcass 
processing, including cutmarks. He makes clear that cutmarks are 
considered far from common in bone assemblages from butchery 
sites. (Shipman and Rose, 1983) recorded an incidence of 0.5% for 
cutmarks in a large sample of processed bone from cave sites in 
Spain. Similarly, Irving et al. (1989) recorded only I 00 potential 
cutmarks from a sample of 8,500 bones, antler, teeth and ivory 
collected from a carcass processing site in North America. 
Furthermore, Guilday et al., (1962) and Shipman et al (1983) 
have noted that it is possible to butcher an entire carcass without 
leaving a single cutmark. One mitigating factor appears to be the 
degree of protection provided by remaining periosteum. Irving, et 
al. (1989) also notes that the type of tool used can influence the 
resulting number of cutmarks. Shipman (1984) has suggested that 
the comparative ease of cutting meat away from midshafts will 
leave very few marks in this region. Carcass size and meat 
abundance also appear to be influential factors. 
Ethno-archaeological research by Crader (1983) into the 
butchery practices of the agriculturalist Bisa people of Zambia has 
shown a very low incidence of cutmarks on elephant and 
hippopotamus carcasses despite the use of metal knives. The few 
cutmarks recorded were located on non-meaty, axial elements. 
Crader (1983) presumed that the abundance of meat from very 
large animals probably affected the number of cutmarks; the 
greater the amount of meat. the less time and effort was put into 
scraping off all the meat from bones. 
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Wilson (1982) interprets the higher frequency of cutmarks on 
non-meat-bearing bones recorded by other researchers as skinning 
activity rather than meat removal or disarticulation. By 
comparison with modern skinning methods, he found that the 
difficult task of making the initial cut can be overcome by making 
the first cut against a non-meat-bearing bone. This avoids a build-
up of hair, fat and blood on the stone tool which is pushed up 
against a solid mass rather than soft flesh. Such a method results 
in a series of transverse slicing marks at the point of the initial cut 
which is on a non-meat-bearing element. 
Skinning marks and cutmarks have been identified on scanning 
electron micrographs of antelope bone from Olduvai (1.9-1. 7 million 
years old) by comparison with bone from a Neolithic site in Kenya 
(Shipman, 1984). 
Lyman (l 987) refers to an article written last century by 
Lartet (1860) who identified cutmarks on animal bone which was 
found in association with lithic artefacts at a site near Abbeville, 
Paris. Lartet (1860) described the marks as deep and uneven, 
leading him to believe that they were made by an instrument 
having a waved edge. To test his hypothesis Lartet ( 1860) used 
flint knives obtained from the site at Abbeville, and a modern metal 
saw to cut fresh bone. He found that the flint knives produced 
cutmarks similar to those on the fossil bone, whereas a metal saw 
was distinctly different. 
The validity of macroscopic and conventional microscopic 
analysis of marks on bone remained unquestioned until Scanning 
Electron Microscopy (SEM) became more readily available. Whilst 
macroscopic and binocular microscopic analyses were commonly 
undertaken, a morphological definition of lithic cutmarks as 
opposed to toothmarks or marks resulting from roof fall or 
bioturbation was not required: cutmarks were identified by their 
location, orientation and depth on the bone. \Vood (1968) for 
example simply described "butchery marks" on deer and bison 
bones from Vista Shelter, Missouri, as " ... straight, shallow cuts at 
points on the bone where the animal was skinned or disarticulated 
by chert knives" (Wood, 1968: 172). 
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With the advent of SEM analysis in archaeological research, a 
clear and concise morphological definition of lithlc cutmarks was 
eventually arrived at. Based on a series of comparisons between 
marks in both fossil and modern bone assemblages and replication 
marks made on modern bone (Shipman and Rose, 1983, Shipman, 
1981, Potts and Shipman, 1981, Shipman, et al, 1984), cutmarks 
made by stone tools were defined by "the presence of multiple, fine, 
linear striations which cut into, and orient longitudinally within, the 
main groove" (Shipman, et al., 1984 ). Potts (1988) elaborated on 
earlier definitions by suggesting that; 
"Cutmarks made when using a stone edge in different 
orientations and motions relative to the bone surface 
possess different microscopic characteristics. In general. 
cutmarks are grooves with regular sides and show either 
V-shaped cross-sections or fine striations. Slicing and 
scraping actions with a stone edge on bone produce 
numerous, fine, parallel striations" (Potts, 1988:85). 
However, it is the more concise definition of Shipman et al., 
(1984) which has been used more extensively - not however 
without controversy. Another controversial issue has been 
Shipman's staunch advocacy of SEM analysis Ill identifying 
cutmarks. Contrary arguments have been put forward by Bunn et 
al., ( 1988, Bunn, 1982) and Eickhoff and Herrmann (1985) for the 
use of light microscopes which avoid both the need for excellent 
replications of the marks and significant financial costs. 
Evidence from both non-human fossil assemblages and 
experimental research has indicated that non-human taphonomic 
events can also produce cuts with multiple, fine striae and V-
shaped cross sections. A bone assemblage accumulated through 
pit-fall in a purely geological site was found to exhibit spiral breaks, 
polish and cutmarks, which are usually associated with 
archaeological deposits (Oliver, 1989). Oliver ( 1989) suggested that 
the bone modifications were due to natural causes such as 
trampling by dying animals and roof fa! Is. In particular, 13 
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cutm1uks were located on che shafcs of some bison long bones and 
ribs. These were found co be identical 10 those produced 
experimentally by stone tools in having multiple fine striae and 
being " ... morphologically identical co those defined as cutmarks from 
Olduvai Gorge, Tanzania and Koobi Fora, Kenya." (Oliver, 1989:91). 
Of the cutmarks, 83% were on diaphyses rather than arcicular ends; 
Oliver ( 1989) noted that this was similar to evidence from Potts and 
Shipman in support 
Oliver ( 1989) found 
magnifications. 
of scavenging by hominids. Furthermore, 
that the striae were entirely visible at low 
Most significantly Oliver comments that some marks rn the 
non-human bone assemblage 
" ... exhibit cutmark-like morphologies for part of their 
course, then take on irregular, torn. shallow and/or 
compressed appearances in other portions of the scratch" 
(Oliver, 1989:93). 
He therefore stresses that similarity between marks on bone 
and experimentally produced features should not be taken as direct 
evidence for human activity. However the presence of 
" ... multiple damage morphologies within a single 
scratch may be one way of distinguishing many naturally 
created cutmark-like scratches from true butcher marks" 
(Oliver, 1989:93). 
Similarly, Behrensmeyer et al. ( 1989) found scratches on 
approximately 45% of the bones from a Miocene site in northern 
Pakistan. The scratches were examined by eye, binocular 
microscope up to 50x and SEM, for which replicas were made. 
They were found to be "particularly well-developed" on limb shafts 
and ribs; of most significance. parallel micro-striae were found 
within individual scratches and some scratches were V-shaped. 
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Behrensmeyer et al. ( 1989) suggested that " ... trampling, transport, 
carnivore activity, bioturbation and physical movement against 
sharp-edged particles within the enclosing sediment after burial" 
(Behrensmeyer et al., 1989:107) had resulted in scratch marks on 
almost half the bone from the assemblage. She suggested that this 
is the same basic physical process as when stone tools or other hard, 
sharp-edged objects cut bone. 
In 1985 Eickhoff found a significant number of surface marks 
on human skeletal material excavated from a neolithic collective 
grave site in England (Eickhoff and Herrmann, 1985 ). In order to 
interpret the marks, replication experiments were undertaken using 
manufactured flint knives and also feeding experiments were 
performed with domestic dogs and zoo animals. Using fresh long 
bones of pigs, a comparative set of bone with cutmarks. toothmarks 
and gnawing was obtained. Binocular microscopes were used in the 
final analysis rather than SEM which was considered time 
consuming and costly to set up. Although the marks were defined 
by use of a rather unwieldy notation script. it was apparent that 
both cutmarks and toothmarks produced fine striations (Eickhoff 
and Herrmann, 1985 ). 
Schick, however, having investigated gnaw marks on Miocene 
bone felt that 
"very few bones that exhibited fine striae ... would 
easily be mistaken for cutrnarks made with a stone 
artefact." (Schick, et al., 1989: 13 J) 
Eickhoff and Herrmann (1985) also found that experimentally 
produced cutmarks were artificially variable according to individual 
rnanipu la ti on. 
This is supported by earlier work by \Valker and Long (1977) 
who used different types of tools to cut fresh metapodials of cattle. 
It was found that " ... a variety of results can be obtained using the 
same tool at various pressures" (Walker and Long, 1977:616). This 
was despite precautions having been taken to ensure constant load 
rn producing the marks and constant amount of tissue between 
cutting edge and bone surface. Walker and Long stress the 
importance of testing a tool over a wide range of experimental 
situations. 
"Until more is known about the behavior of a wider 
range of tools in a variety of substrates, we feel that it is 
most prudent to delimit ranges of possibilities rather than 
specific associations" (Walker and Long, 1977 :616). 
In 1989 Fiorillo (l 989) collected naturally occuring modern 
cow and pig bones from fields and laid them out on a hard, dry, 
sandy soil virtually devoid of vegetation and near a salt lick. The 
bones were then trampled on by approximately 168 cattle before 
examination. Microscopic inspection of the experimentally 
trampled bone indicated a close resemblance between trample 
marks and cutmarks caused by stone artefacts. However Fiorillo 
(1989) suggested that a larger .sample might produce criteria for 
separating the two types and thus overcome the problem of marks 
being "morphologically indistinguishable". 
Increasing evidence from other researchers that a clear-cut 
distinction between cutrnarks produced by stone tools and a variety 
of non-human causes encouraged both Shipman (1988) and Olsen 
(Olsen and Shipman, 1988, Olsen, J 988) to reassess former 
methodology and undertake further experimentation. 
Olsen (Olsen and Shipman, 1988, Olsen, 1988) insists that it is 
the methodology on which the experiments are based which does 
not allow a distinction between butchery marks and trampling 
marks or pedoturbation. Olsen analysed three sets of 
experimentally trampled bone and compared these with 
experimetally cut sheep and cattle bone. By incorporating other 
categories with which to describe marks on the bone Olsen (Olsen 
and Shipman, 1988, Olsen, 1988) found that significant and readily 
distinguishable features could be recognised. Trampling and stone 
tool marks were described according to their: frequency, number 
per bone. location, orientation. morphology, depth, presence of 
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polish and "intentionality". Shipman (1988) also noted that 
orientation and location of the marks must be taken in context with 
the number of flakes at the site. In summary, Olsen found that 
"the abundance, random placement and superficiality 
of many trampling marks is strikingly different from 
features of most true cut marks, so these are perhaps the 
most reliable as diagnostic traits. However, we would 
caution against heavy reliance on any one characteristic; 
the most confident assessments of 
based on all available data" 
1988:552). 
unknown marks will be 
(Olsen and Shipman, 
This approach avoids the problems previously encountered in 
attempting to use a highly inflexible and singular definition which 
does not, on current evidence, distinguish between marks formed 
by a variety of events. 
Shipman (1988) did not accept that · toothmarks may be 
indistinguishable from stone tool cutmarks, as suggested most 
recently by Schrenk and Maguire (l 988 ). Hyaena toothmarks, 
described as "multiple fine parallel striations" by Schrenk and 
Maguire, (1988), were not accepted by Shipman ( 1988) as within 
the normal range of toothmarks. She stated that this could only be 
possible if the hyaena in question had a "broken tooth" or gnawed 
repeatedly on the same spot. 
In terms of future research and directions for analysis of 
butchery marks in assemblages from Pleistocene deposits in 
Australia, Shipman's (1988) final point. that cutmarks must be 
taken in context with patterns of skeletal representarion and 
species representation, is an extremely important one. It is 
strongly supported by independent research from Gifford-Gonzalez 
(1989). 
Gifford-Gonzalez ( J 989) examined bone debris from eleven 
recent sites of the Dassenetch people of northeast Lake Turkana in 
Tanzania for cur marks. It was found that cutmarks made by metal 
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tools generally lacked the internal fine striae associated with stone 
tools. However two bones examined displayed parallel striations 
within the cutmarks. These cutmarks were on shafts away from 
muscle, tendons, ligaments or joint capsules. They were relatively 
shallow and were interpreted by Gifford-Gonzalez as "psuedo-
cutmarks". Such evidence encouraged Gifford-Gonzalez (1989) to 
adopt the holistic approach intiated by Shipman (1988) and Olsen 
(Olsen and Shipman, 1988, Olsen, 1988) and she suggested that 
cutmarks be put into context with fracture patterns in order to fully 
understand carcass processing at a particular site. 
Gifford-Gonzalez (1989) made an important point which is of 
particular relevance to Australian Pleistocene sites. She noted that 
transport has been generally considered as the prime determining 
factor in butchery methods, (Le. the "schlepp effect") whilst 
have been generally ignored. Gifford-Gonzalez "culinary goals" 
( 1989) considers that the suitability of joints of meat to roast on a 
fire, or segments of bones and flesh to boil, or boneless slices to dry 
as jerky are the real factors in determining butchery methods. 
Gifford-Gonzalez also points out that; 
"Meat is much easier to remove from bone when 
cooked, necessitating much less intervention with cutting 
edges." (Gifford-Gonzalez, 1989:207 ). 
Cooking prior to butchery appears to have been the general 
method throughout Australia for some time, as demonstrated by the 
presence of calcined bone in most Pleistocene human occupation 
sites, (see Section 6.3.1.). Calcined bone implies the use of high 
temperature ovens, the size of which indicates cooking of large, 
whole animals (Walshe, 1987). The implication of this is that few 
cutmarks will be recognised on bone from Pleistocene sites, nor will 
the bone reveal butchery methods or whether or how carcasses 
were shared. 
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6.2.2. Interpreting 
assemblage 
cutmarks in the Allen's Cave 
The previous discussion makes clear that examination of both 
features and patterns is necessary if individual cutmarks are to be 
assigned to a particular agent. On this basis cutmarks identified on 
some bone fragments in the assemblage from Allen's Cave, such as 
those shown in Plates 6.1. and 6.2., cannot be attributed to either 
carnivore activity or human butchery, because there is a distinct 
lack of the type of concomitant evidence required. The scarred 
fragment from spit 13, Plate 6.2, also shows evidence of calcination, 
indicating that this fragment has undergone a series of events 
involving both carnivore and human modification. However, wether 
it was originally deposited in the site by humans or carnivores 
cannot be deduced from the cutmarks themselves. We are no 
further in understanding the processes of modification carried out 
by humans in the site and are left with what was obvious from the 
outset- that both humans and carnivores have deposited and 
modified bone in the site. 
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Plate 6.1. 
Allen's Cave 
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Plate 6.2. 
Calcined and cutmarked bone fragment from 
Scarred bone fragment from Allen's Cave. 
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The presence of calcined bone in the site (discussed in detail in 
section 6.3.l. below) implies that humans cooked large carcasses 
intact prior to butchery, a procedure occurring throughout the 
prehistoric. Cooking softens the meat, tendons and muscle 
attachment areas. This makes cutting joints apart easier, needing 
only shallow cuts, and would have resulted in few if any visible 
cutmarks on prey bone fragments from Allen's Cave. 
It must also be remembered that most of the bone debris from 
Allen's Cave can be assigned to scavenger deposition and 
modification, as previously discussed in Sections 5.8., 5.9. and 5. 10 
This implies a greater chance of cutmarks being the result of 
scavenger activity rather than human activity, although site loss 
and site modification would have invariably altered the 
archaeological evidence to a considerable degree. 
6.2.3. Breakage patterns 
Some fragments of larger prey bone in the assemblage from 
Allen's Cave display impact scars. In order to interpret the impact 
features identified in the assemblage from Allen's Cave, criteria for 
identifying deliberately fractured ·tong bones will be discussed here. 
and their application to the Allen's Cave assemblage considered. 
In trying to identify patterns of long bone fragmentation by 
humans, Dart (1957) proposed that humans exclusively produce 
spiral fractures to long bones by applying a 'crack and twist' 
method. However. this simple procedure for identifying cultural 
activity has long been discredited in face of the significant quantity 
of similar evidence from carnivore bone sites (Binford, I 98 l, Myers, 
et al., 1980, Johnson, 1985, Morlan. 1984, Haynes, 1988). This led 
to attempts to recognise human modification of bone by 
characteristic fracture patterns (Johnson, 1985. Sadek-Kooros. 1972, 
Noe-Nygaard, 1977 ). 
Sadek-Kooros (1972) undertook one of the earliest experiments 
imitating marrow extraction activities in order to record identifiable 
categories of fragments. She randomly broke open 400 sheep 
metatarsals with rock and other bone, and concluded that formal 
categories existed: but as Lyman ( 1978} and Gifford-Gonzalez 
( 1989) have pointed out. there are problems in her assumption 
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about the exclusively natural origins of spiral fractures. Aird 
(1985) attempted a similar categorisation but produced a somewhat 
unweildy permutation of classifications. Current research has been 
largely directed at identifying the differences between impact scars 
associated with human modification of bone and those associated 
with carnivore modification of bone, rather than focusing on 
fragmentation patterns (Johnson, 1985, Morlan, 1984, Yesner and 
Bonnichsen, 1979, Hannus, 1985, Johnson, 1989, Solomon, J 986). 
Investigatation of impact scars caused by deliberately breaking 
open shafts to extract marrow has been by replication experiment 
and by drawing ethnographic analogies (Binford, 198 I, Binford and 
Bertram, 1977, Fischer, 1984; Hannus, 1985. Johnson. 1985. Morlan, 
1984; Noe-Nygaard, 1977, Solomon, 1986, Stanford, 1981, Yesner, 
1979:112). 
Morlan (1984 ). had earlier recognised that humans broke open 
bones by a high velocity impact technique which was quite distinct 
from the technique applied by carnivores. Johnson (l 985, 1989) 
extended his research by providing a comprehensive description of 
the techniques used by humans and carnivores to fracture shafts 
and the distinctive impact scars left on the. remaining bone core. 
Johnson (1985, 1989) recognised that both humans and carnivores 
create bone flakes which show no or little sign of modification. 
Johnson observed that carnivores gnaw and comminute or 
remove epiphyseal ends in some cases before applying static 
loading to the bone diaphysis which causes the bone to collapse. By 
experimentally breaking bovid bones over one or two anvils, 
Johnson (1985, 1989) demonstrated that humans apply a dynamic 
loading force which causes a circular depressed area at the point of 
impact and overlapping or sequential negative scars on the bone 
core. Furthermore the circular depressed area at the point of 
impact may be associated with incipient ring cracks or crushed 
bone. Overlapping negative scars on the bone core result from 
bone flakes being produced during impact. They occur on the 
interior bone wall at the point of impacr or externally on the 
opposite cortical side from the point of impact. In contrast 
carnivore action causes random flaking and spalling (chipping). 
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Dynamic loading, typical of breaking a bone over an anvil, is 
also recognised because of the unique "hackle marks and ribs" 
observed by Johnson (1985, 1989), although these do not always 
occur. "Hackle marks" are described as discontinuous curved 
grooves and ridges and "ribs" as semi-circular or arcuate ridges, 
usually continuous, that are concave to the origin of the main 
fracture. 
Both dynamic and static loading forces produce spiral fractures 
in fresh long bones. However spiral fractures associated with the 
use of hammerstones, as opposed to carnivore activity, are 
distinguished by the absence of markings such as pitting, scoring, 
and chipping; they also have an impact point with a diameter 
greater than that produced by carnivore teeth (Johnson. 1985, 
1989). Identical descriptions of impact points were recorded by 
Stanford, Bonnsichen and Morlan (1981) after the experimental 
breakage of fresh elephant bone. 
Gifford-Gonzalez (l 989) has found problems with the 
underlying logic of Johnsons (1985. 1989) classification system. 
Gifford-Gonzalez stated that the outcome is more complex than 
implied by Johnson, and suggests that fun her inve·srigation is 
needed into 
" ... variable amounts of dynamic loading and the 
effects of hearing on the tensile and compressive strength, 
elasticity and strain properties of bone ... " (Gifford-
Gonzalez, 1989: 198). 
Binford (l 978) cites a communication from Dan Witter who 
observed that the Nunamiut people of Alaska rarely crack open long 
bones by using an anvil, instead they generally hand held a bone 
just above the ground and hit with a hammer. Johnson (1985, 
1989) did not extend her experiments to include such alternative 
methods of shaft fracturing. !Vloreover Noe-Nygaard ( 1977} had 
earlier stressed that the method used to break open long bones will 
directly determine the eharacteristics of the resulting bone 
fragments: thus Johnson's ( 1985. 1989) criteria for recognising 
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human modification of shafts may not be applicable to all fracturing 
methods. 
These experiments and descriptions highlight the problems 
often encountered in replication experiments. Those undertaken to 
date (Sadek-Kooros, 1972, Stanford et al., 1981; Johnson, 1985, 
Solomon, 1986) have given little consideration to the potential 
variation in the size of skeletal elements chosen for marrow 
extraction and the technique used to fracture the shaft. Yesner and 
Bonnichsen (1979) found that the method of cracking used to 
extract marrow of caribou metapodials depended on the shape of 
the bones. There is no evidence that breakage patterns are similar 
regardless of skeletal element size or morphology. Replication 
experiments tend to rely on an ideal situation reinforced by limited 
ethnographic observation. 
Bone shaft modification and Allen's Cave assemblage 
Characteristics specific to human modification of large bones. 
such as major limb bones from bovids, remain controversial. More 
importantly results of actualistic studies performed overseas have 
not been tested on Australian fauna. The largest mammals most 
commonly occuring in Australian Pleistocene archaeological sites are 
kangaroos and the major limb bones of these animals may well 
differ in their response to the range of force applied to bovid bone 
in the experimental situations. Kangaroos are essentially soft-
footed, bi-pedal animals which results in a different torque stress 
along bone shafts compared to quadrapedal hard-hooved animals. 
Such differences may produce a different set of modifications when 
cracking shafts open to remove marrow. However, more 
significantly, the intensity of scavenging in a site such as, Allen's 
Cave results in very little material which is capable of exhibiting 
beyond doubt, any characteristics specific to human modification. 
Two characteristics identified on some bone fragments in the 
Allen's Cave assemblage which are potentially indicative of human 
modification, according to research by Morlan ( 1984) and Johnson 
(1985, 1989) are impact marks and nega1ive scars. A total of 16 
fragments were identified with impact marks and 57 
sears, some of which overlap as shown in Plate 6.3. 
occured throughout the deposit from spits 41 to 5, 
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with negative 
All fragments 
approximately 
25,000 to less than 1,000 years old. However, similar features 
were identified on the scat bone debris, presented in appendix 4 of 
this thesis. Thus these two characteristics cannot be ascribed with 
any degree of certainty to human modification. 
A few fragments exhibited notches along the mid-shaft, as 
shown on the fragment from spit E4/22 in Plate 6.4. This notch is 
representative of both carnivore and human modification. as 
discussed in Chapter 5 and this chapter. Concomitant evidence is 
required for distinguishing between cutmarks caused by carnivore 
action and human action, in order to even attempt to attribute 
particular features to individual taphonomic agents. However, as 
noted, the degree of scavenging in the site has virtually eliminated 
such evidence by replacing or modifying archaeological debris with 
predator debris. 
No complete bone from a large prey was located rn the 
assemblage and it is obvious that post-depositional effects need to 
be considered before assigning certain characteristics to human 
modification. 
Although some aut.hors bave 
modification of bone fragments, their 
practical method for recognising and 
secondary events in fossil deposits. 
discussed post-depositional 
work has· not resulted in a 
differentiating primary and 
Blumenschine (1988) observed that non-epiphyseal fragments 
from humanly-modified limb bones are ignored by scavengers. He 
maintained that these fragments could be used to identify evidence 
of hammerstone blows. However, Yesner and Bonnischen ( 1979) 
and the evidence discussed so far indicate that the bone core is 
more likey to display evidence of human modification, not 
dislocated bone flakes and fragments. And as the bone core 
usually comprises an epiphyseal end with a remnant shaft attached, 
it will be a target to scavengers. 
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Plate 6.3. 
Allens cave 
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Flaked fragments of large prey bone from 
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Plate 6.4. Notched bone from Allen's Cave 
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Solomon ( 1986) suggested that 
"The amount of small fragments (less than 3cm in 
length) would appear to be the key signature of marrow 
processing as the larger fragments may be scavenged by 
another animal or they may be thrown into another area 
by people when discarding rubbish or they may be eaten 
by people." (Solomon, 1986:59) 
However, this does not take into accoum the fact that carnivore 
scats also contain bone less than 3 cm in length (see Chapter 5) or 
that the disturbance caused by human and scavenger movement in 
the site may disperse bone from its original context. Similarly, 
Binford (1978) suggested from Witter's observation in Nunamiut 
camps that bone flakes produced from percussion impact were 
uniquely distinctive of marrow cracking by humans and that these 
could be useful in determining areas of marrow cracking in 
archaeological sites. Once again, this relies upon an "ideal" site 
where post·depositional events are absent a rare occurrence and 
one certainly not recognised at Allen's Cave. 
Hannus (1985) described the characteristics of bone cores 
resulting from human modification of bone in extracting marrow, 
based on research by Bonnichsen (l 980) Proximal and distal ends 
were found to be intact and exhibit negative scars where radial 
fractures stopped or reversed directions. This conforms with 
Johnson's (1985. 1989) criteria for recognising human modification, 
but again is only applicable when no further modification has 
occurred. 
Johnson (1989) suggested that spiral fractures resulting from 
scavenger modification would exhibit pitting, scoring and chipping, 
thus distinguishing these fractures from those produced during 
human modification of limb bones. However. as shown in Section 
5.8 of this thesis, Tasmanian devils rarely leave any bone debris at 
all, instead removing or ingesting all surface refuse in rapid gulps, 
and debris deposited in devil scats rarely shows any surface 
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damage. Scavenger debris in Australian archaeological sites cannot 
be differentiated from human modfication debris on this basis. 
From the evidence to date, the distinguishing characteristic 
between human and carnivore modification of bone to extract 
marrow is the "sequential or overlapping" flaking which is 
attributed by Johnson (1985, 1989) to human activity alone. 
Unfortunately though, Oliver (1989) has also described overlapping 
or sequential flaking on long bones from animals which died after 
roof-fall events. Thus the one remaining criterion linking 
modification to human activity appears flawed. As found with 
attempts to differentiate cutmarks, concentrating on individual 
characteristics are inadequate for identifying human modification. 
A range of evidence from the total bone assemblage must be 
considered. 
On the basis of the above discussion, there is no single 
conclusive evidence for deliberate fragmentation of long bone shafts 
to retrieve marrow in the assemblage from Allen's Cave. The 
extent of post-depositional effects has obscured the context in 
which some characteristics such as impact scars and negative 
scaring could be assessed as evidence of human modificatioo. 
The question at this stage is whether it is necessary to identify 
processess such as cracking open bone shafts to extract marrow. If 
evidence for the consumption of large prey in the site can be 
established. is it then necessary to establish that marrow was 
extracted also? These questions may be vital to overseas research 
in order to identify early sites of hominid activity or human activity 
in large kill sites, but is it of such concern to Australian archaeology. 
Perhaps the dynamics of site formation lie in a different sphere of 
focus and are yet to be elucidated. 
6.3. Modification after carcass consumption 
6.3.1. Burning 
Ethnographic 
(Walshe, 1987, 
evidence for 
Solomon. 1986) 
Aboriginal cooking practises 
indicates that pit ovens were 
traditionally used to cook larger prey, whereas smaller prey were 
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roasted on hearths. Based on research into calcination of bone by 
Shipman et al (l 984), Gilchrist and Mytum (Gilchrist. 1986) pit 
ovens can be associated with causing calcination of bone due to 
their ability to achieve the requisite high temperatures (Walshe, 
1987, Wood, 1989). Hearths achieve lower temperatures, which 
alter the colour and crystal structure but does not calcine the bone 
(Walshe, 1987). Bush fires achieve the lowest ground temperature 
of all and merely charr or yellow exposed bone surfaces (David, 
1990). 
In view of more recent research (Nicholson, 1990, McCutcheon, 
I 992) the colour of burnt bone continues to be regarded as a 
reasonable indication of temperature of burning. but it can vary 
according to species and bone density. However, the blue-white 
hue generally at1ributed to calcined bone has also been associated 
with the degree of marrow content in the bone (Spennemann and 
Colley, 1989). This implies that the fresher the bone, the more 
likely it will be to reach a calcined stare. 
At Allen's Cave, calcined bone was present throughout the 
excavation sequence as part of the total amount of burnt bone (see 
Figure 2.8.) This implies that high temperature fires were 
constructed, equivalent to pit ovens used for cooking larger prey. 
Deliberate or non-intentional burning of carcass debris has 
previously been questioned in fauna] analyses (Solomon, 1986; 
Walshe, 1987). The overall paucity of calcined bone present rn 
Allen's Cave can be explained by the high degree of scavenging in 
the site, which has already been referred to 10 Chapter 5. 
Scavengers tend to target the higher marrow bearing elements and 
the removal of these will result in a low quantity of surface debris. 
Surface debris is then burnt by being incorporated into hearths or 
ovens. 
However the burnt and calcined state of some of the bone from 
the deposit in Allen's Cave indicates that both pit ovens and 
probably smaller fires were constructed in the site. Old surface 
debris was incorporated inro the hearths either to clear away 
rubbish or inadvertently during heanh construction. 
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6.3.2. Tool making 
The major areas for discussion m this section are 
1. Previous methods for identifying, classifying and 
interpreting fabricated tools 
2. Identifying bone pseudotools 
3. Bone tools in the deposit from Allen's Cave. 
6.3.2.1. Identifying, classifying and interpreting 
fabricated bone 
A pertinent comment by Webb and Allen (\Vebb and Allen, 
1990) sums up the contemprorary situation regarding bone tool 
classification in Australia: 
"The analysis of bone artefacts has not been a central 
concern in Australian archaeology, despite their frequent 
occurrence in both Pleistocene and especially. Holocene 
sites ... There have been few analytical guidelines for 
archaeologists to follow ... " (Webb and Allen, 1990:75). 
It is still the case that only Lampert (Lampert. 1966) and Jones 
( 1971) have attempted to establish a consistent typology for bone 
tools in Australia. Although McCarthy (1976) presented a review 
of bone tools, there was no attempt to formalise the categories then 
in use. 
Earlier methods of describing bone tools from Australian sites 
have been based on overseas traditions related to typologies for 
stone tools. That is. a "tradition" or "industry" was defined on the 
basis of stratified series of tools. Thus the first bone tools 
described from Lake Menindee by Tindale ( 1955) were classified 
into the existing Mudukian, Pirrian and Tanangan industries. Tools 
from unstratified sites were described on the basis of their raw 
material, which for bone tools was the skeletal element. or the 
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assumed function of the tool. 
problems in bone tool typology. 
The latter especially has created 
The linear crystal structure of cortical bone predetermines that 
most tools will be splinter-shaped with pointed or rounded ends. 
This has resulted in the majority of bone tools being described as 
uni-point or bi-point (Mitchell, 1958, Lampert, 1966; Jones, 1971) 
which automatically associates the tool with the function of needle 
or awl. Bone needles or awls are often mentioned in ethnographic 
records, e.g. Soll as (Sollas, 1924 ), and have invariably been 
associated with cloak making. This has been the basis of 
interpretation for most bone points, disputed only by Bowdler 
(1981) who argued that as bone points were mostly found in coastal 
sites they were more likely to reflect a coastal economy, and be 
used for activities such as net making. However, recent use-wear 
analysis by Webb (1987, Webb and Allen, 1990) and a deeper 
reading of the range of activities associated with bone points from 
ethnographic and historic accounts indicates that points are used in 
a wide range of functions, with no one type of point being restricted 
to a single function. 
Bone needles or awls have been the most common bone tool 
recorded from sites universally. The fact that the shape has 
preceded the function has however, not escaped all researchers. 
An excavation at Kasteelburg, a site dated to 1300 BP on the 
south-western Cape of South Africa, uncovered a bone fabrication 
floor (Smith and Poggenpoel, 1988). This unique and undisturbed 
find contained extensive evidence for the actual process of bone tool 
fabrication. It was noted by the authors that earlier analyses of 
bone tools from excavations in this region had found "awls and 
bodkins" outnumbered other tool types. This excavation however, 
revealed a far higher number of bone points and linkshafts than 
awls and bodkins which caused the authors to question the earlier 
methods used to define bone tools. 
Certainly the difficulties of classifying bone tools were 
recognised in Australia almost thirty years ago (Lampert, 1966; 
Jones, 1971), but there appears to have been little attempt since 
then to deal with the problems. The rarity of substantial numbers 
of bone tools in stratified sires has not provided the necessary 
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impetus to establish a consistent and workable typology. However, 
without such a typology the misunderstandings and 
misinterpretations about bone tools will only continue. 
Furthermore, bone tools which do not conform to the standard 
splinter shape with pointed end may go unrecognised in bone 
assemblages or, if recognised, cannot be assigned to a particular 
category. The problem of bone pseudotools is a further difficulty 
when a consistent typology does not exist. 
6.3.2.2. Bone pseudotools 
Myers, Voorhies and Corner (1980) identified pseudotools in 
bone assemblages from five paleontological sites dating to 
approximately 17 million years old. They found that the common 
shape was a pointed end formed by a spiral fracture intersecting 
with either another spiral fracture or a longitudinal fracture. 
Myers et al (1980) also found that chipping, often identified as a 
human method of resharpenin'g butchering blades. was extremely 
common in the study sites. and "this is not therefore diagnostic of 
human utilization" (Myers et al , 1980:488). However. Myers et al 
(1980) did identify the pattern of wear on the fractured bone as the 
distinguishing feature between a bone tool and a pseudotool. 
Pseudotools were found to be worn uniformly across their surface, 
whereas bone tools exhibited limited areas of wear. 
While many taphonomic processes may result m the imitation 
of human modification methods. some processes are unlikely, such 
as freeze/thaw processes discussed by Thorson and Guthrie (l 984). 
Furthermore bone tools must be interpreted from within the 
context of the total bone assemblage, as pointed out by Lyman 
(1984 ), so that non-human taphonomic processes likely to result rn 
pseudotools can be recognised, whilst others can be disregarded. 
Although it seems reasonable that bone tools be classified 
according to raw material. it is this researcher's belief that further 
classifications such as "needle or awl" and "shape" be avoided to 
overcome the problem of imposing interpretations about function. 
Instead, descriptions of deliberate modification should be used as 
classificatory divisions, together with length and width 
measurements to provide the necessary information on basic shape 
without imprinting 
modifications generally 
are: grinding; polishing; 
6.3.2.3. 
cultural/functional overtones. The 
made to raw materials during tool making 
or flaking. 
Bone tools from Allen's Cave 
Marun ( 197 4) found five bone points in the earlier excavation 
of Allen's Cave. These were described as unipoinrs of varying 
length with an oval cross-section. Marun did not state which 
skeletal element the tools had been manufactured from, but from 
photographs of the tools indicate that macropod fibulae are most 
probable. 
Fourteen potential bone artefacts were identified from the 
recent excavation of Allen's Cave. Six of these exhibited features 
consistent with deliberate modification and are described in Table 
6.1, according to; 
(a) raw material (species and skeletal element), 
(b) modification process 
(c) length by width measurement. 
Five of the bone artefacts are shown rn Plate 6.5. and a flake 
from spit 27 is shown in Plate 6.6 where it is compared with flakes 
attributed to carnviore modification. Plate 6.7. shows the 
remaining fragments which were identified as "pseudofacts" due to 
their lack of defining characteristics. 
In light of the research by Webb (l 987), it is recognised that a 
use-wear analysis is required to establish function for the artefacts 
described from Allen's Cave. This present analy:;is attempts only to 
describe the artefacts, not ro interpret a function for the rools. It is, 
however, suggested that function might be the topic of further 
research. 
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Plate 6.5. 
Plate 6.6. 
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Plate 6.7. Pseudofacts from Allen's Cave. 
Table 6.1. 
excavation). 
Bone artefacts from Allen's Cave (1989 
[Spit No Skeletal Mod ifica ti on length x 
width (mm) i element 
II fibula mid- ground tip with I 
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! I I'"" ! i 13 :shaftpolish I 48x5 I 
i long bone I broken tip, -------1 
1 3 
i 
I 7 
' 
[shaft , flaked surface 50 x 7 ~ I long bone I curved edge ---i----- ' 
'f fragment with negative 20 x 7 
flaking and some 
olish f---·-
l 
,___2_2 __ ~ e rte bra 
ground point I 
[with polish _j___Y_x_6 __ ~j 
[flake with I 
2 7 unidentified I striking platform J 8 x 9 I 
, and pecking ___J 
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6.4. Summary 
Early attempts to identify cutmarks on bones made by humans 
during butchery and marrow extraction were initiated by the 
nature of early hominid sites in Africa. There was often only a 
questionable link between the bone and any stone present, and 
sometimes no stone at all. In the absence of cultural evidence from 
stone scatters, the ability to identify and understand early hominid 
cultural activity directly from bone fragments became necessary, 
independent of context m the archaeological record. 
In North America, a similar attempt to identify cultural activity 
directly from bone arose in order to resolve questions on the 
modification of bone in bison beds (Todd, 1987, Lyman, 1987). 
Such sites predate the known range of archaeological sites in North 
America and as such offer a vital contribution to the knowledge of 
human movements across the Beringia. 
However, the 
dominated overseas 
particular research direcrions which have 
fauna! analyses for the last twenty years are 
not neccessarily applicable to Australian archaeology. In Australia, 
evidence for human presence is- rarely stalled by the inability to 
interpret individual features of bone modification. the single 
exception to date being Mammoth Cave, a Pleistocene site in 
Western Australia (Archer, et al., 1980). in which cutmarks on a 
macropod tibia were assingned to human activity jn the absence of 
any archaeological evidence. 
However, as discussed rn this chapter is it not possible to 
interpret specific features of modification independent of the 
overall context for the archaeological assemblage. 
Identifying a single line of evidence for human modification 
does not give information beyond the single event of modifying the 
particular bone. Subsistence questions about how and why it was 
fractured are not answered. Furthermore, the bias toward larger 
prey bone obscurs the role which smaller prey may have had in the 
prehistoric diet. Research undertaken to date is not able to discuss 
species targetting in terms of; 
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l. Taste 
2. Ease of hunting 
3. Ease of butchery 
4. Differential cooking time 
5. Size of hearth required for cooking 
6. Quantity of meat and/or number of carcass parts 
generated for distribution 
7. Value of by-products, such as the fibulae, hide, tendons, 
fur 
8. Water content of prey. 
Instead the direction of such research can easily become 
clouded by ethnocentric ideas of species targetting as a determinant 
of nutritional value. Aims and interpretations in Australian 
prehistory should not be expected to conform to those documented 
elsewhere. 
The majority of fauna! analyses undertaken in Australian 
archaeology have attempted to identify which fraction of the total 
bone assemblage is humanly deposited. This problem has been 
approached by attempting to identify specific individual features 
such as cutmarks, impact features and bone size distributions, in 
line with overseas research. In this respect the present analysis of 
the material from Allen's Cave is similar. However the existing 
literature on cutmarks and patterns of marrow extraction fails to 
establish clear criteria which could be used to identify specific 
cutmarks or breakage features found on some of the material from 
Allen's Cave as the work of humans. 
This chapter has demonstrated that specific archaeological 
evidence for human modification in Australian sites, such as Allen's 
Cave, is not needed to establish subsistence strategies and 
occupation patterns. The degree of secondary modification 10 the 
assemblage does not allow a reconstruction of butchery techniques, 
nor answer the question of whether long bones were broken open 
for marrow extraction. These questions, which have become vital 
in overseas research m order to identify early sites of human or 
hominid activity, are not a useful focus in Australian archaeology. 
The presence of calcined bone in Allen's Cave implies high 
temperature pit ovens were in use, implying consumption of large 
animals. Bone tools were deposited in the site but their use and 
place of fabrication cannot be deduced from the record. 
The following chapter will attempt to address the wider 
questions of prehistoric subsistence strategy practised at Allen's 
Cave by examining the evidence for species targetting and for the 
intensity of site occupation. The final chapter will discuss the 
implications of the analysis for existing Austraian arid zone theory 
and also address the issue of directing the focus of Australian 
taphonomic research away from the goals of overseas studies and 
into an Australian focus which is more appropriate to the cave 
assemblages and predator and prey groups typically encountered 
here. 
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Analysis 
non-cultural 
CHAPTER 7 
and interpretation of the 
vertebrate material from 
7.1. Introduction 
cultural and 
Allen's Cave 
Previous taphonomic analyses have focussed on identifying the 
bone debris which can be demonstrated to be of cultural origin in 
order to identify subsistence and occupation patterns (Chapter 4). 
The shortcomings of this approach have been made clear by the 
previous discussions on the extensive post-depositional modification 
suffered by most cave assemblages in southern Australia (Chapter 
5) and the veritable dearth of evidence for human modification in 
these types of assemblages (Chapter 6 ). 
This chapter aims to present methods which attempt to 
indentify subsistence and occupation patterns by anlaysing the non· 
cultural bone debris from Allen's Cave. As discussed below, non-
cultural material is possibly as much as 97 .5% of the· total Allen's 
Cave bone assemblage and is therefore far more capable of 
demonstrating any broad trends which may exist in the deposit 
than the meagre amount which can be attributed directly to human 
discard. 
The analysis will proceed in two stages: 
1. Determining the key taphonomic agents of deposition for 
each prey group; small, medium and large, 
2. Identifying trends in occupation and subsistence pauerns 
by focussing on the non-cultural debris. 
The first stage will be carried out by analysing the breakage 
pattern for the major limb bones from the most numerous small 
and medium prey groups. 
The second stage will be carried out by (a) occupation patterns 
will be determined by comparing the breakage patterns identified 
in the small and medium prey debris with rates of stone tool 
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discard and (b) subsistence patterns will be determined by 
comparing rates of human-deposited bone debris and burnt bone 
with presence and absence of the key prey groups. 
The final discussion will consider the evidence for occupation 
decrease by all major predators during the late Holocene. 
The analysis will begin by initially re-introducing the trends 
identified in the prey groups, previously referred to in Chapter 2. 
7.2. Mammal bones in Allen's cave 
The mammals whose bones were found m Allen's Cave (see 
Chapter 2 and Appendix 1) were divided into three weight 
categories, based on the prey size ranges of Barn Owls and Masked 
Owls (see Chapter 5). These are: 
Small (Barn Owl) prey range: 10 80 g 
Medium (Masked Owl) prey range: 80 2500 g 
Large (non-owl) prey range: . 2.5 . 85 kg 
As was discussed previously, the larger carnivores are included 
among the prey as the presence of their teeth in the site was 
probably due to deposition by other predators. Plate 7 .1 shows a 
humerus identified to Canid sp. from spit E4/l 4 (approximately 
2,500 years old) which has been punctured by a carnivore tooth on 
the mid -shaft area. 
Medium prey is the largest group in terms of numbers of 
species. Furthermore, 36 of the total of 45 species fall into either 
the small or medium prey range which indicates the substantial 
potential prey range for owls. 
Distribution of the three prey groups through each spit of the 
Allen's Cave deposit is presented in Figure 7. l. 
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Plate 7.1. Canid humerus from Allen's Cave, showing 
puncture and splitting by scavenger 
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Figure 7.1. Numbers of species in size groups per spit at 
Allen's Cave 
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Figure 7. l. shows that small and medium-sized prey begin to 
increase after the post-glacial climatic amelioration at about 14,000 
BP, but are predominantly concentrated in the Holocene layer (spits 
22-10). The increase in MNI estimates for these two prey groups 
coincides with the general increase in artefact distribution and 
burnt bone shown in Chapter 2, Figures 2.7. and 2.8. Aboriginal 
predation of bandicoots and murids has been described by, amongst 
others, Sturt (1849) Krefft (1867) Gould (J 967) and the presence of 
small and medium-sized prey at this time may equally reflect 
predation by Aborigines as by owls. 
The high fragmentation rate for femurs and humeri in the most 
numerous small prey group, Notomys sp, and the most numerous 
medium prey group, Bandicoots, was discussed in Chapter 5. Bones 
in a fossil owl deposit from a non-occupation site (described in 
Appendix 3) showed considerably less fragmentation, leading to the 
conclusion that human occupation was the primary cause of 
fragmentation. 
Overseas researchers such as Todd and Rapson (1988) have 
discussed methods of analysing breakage patterns in order to 
identify the taphonomic agent involved. However, these. analyses 
have tended to concentrate on large mammal assemblages and it is 
only recently that much-needed attention has been directed toward 
smaller prey (Yellen, 1991). However, this direction remains in the 
area of ethnographic observation rather than in reconstructing 
processing patterns from fossil small mammal accumulations. It 
must also be noted that smaller prey in the African context, in 
which Yellen undertook his observations, involved animals weighing 
between 5 and 20 kg, which is equivalent to medium to large prey 
rn the Australian contex L 
It has already been suggested rn Chapter 5 that either human 
processing of small and medium prey and/or post-depositional 
treadage were the cause of significant breakage to the femurs and 
humeri for these two prey groups. This will now be discussed 
further. 
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7 .3. Determining the taphonomic agents of modification 
and deposition of small and medium prey bone 
The small and medium prey groups from the Pleistocene 
horizon did not provide as large a sample as those from the 
Holocene horizon. Furthermore, as pointed out by Vanderwal and 
Horton (1984 ), comparison between small mammal assemblages 
from significantly different climatic eras has a questionable degree 
of validity. Therefore the sample used to test the hypothesis that 
humans modified bones in the small and medium prey groups 
included skeletal elements from only the mid- to late-Holocene 
horizon, 1e. spits 6-22. (Spits 1-5 also had comparatively few 
elements and these were not included in the final sample). 
The analytical sample included the two most numerous species 
in the small prey group; Hopping mice Notomys spp., and Native 
mice Pseudomys spp. and the two most numerous species in the 
medium prey group; Bandicoots Perameles bougainville and Stick 
Nest Rats ( Leporillus conditor, L. apicalis). 
All complete and fragments of femurs and humeri identifiable 
to these two groups were isolated from the material for analysis- a 
total of 6,505 limb bones representating approximately 4.000 years 
of occupation, between 1he mid- to late- Holocene. 
Mode of deposition for this large sample of fragmented bone 
from Allen's Cave was deduced from the pattern of fragmentation. 
It is generally accepted that fresh bone breaks in a different 
manner to dry bone (Shipman, 1981 ). Dry bone tends to break in a 
transverse direction across the bone shaft and within morphological 
constraints. Breakage of fresh bone however, tends to produce a 
jagged pattern with uneven shaft lengths attached. 
Hypothesis 
1. Fragmentation of fresh limb bones to extract marrow will 
create a random pattern of breakage. 
As noted by (Yellen, 1991) smaller prey tend to contain less 
marrow and the decision to extract marrow from smaller prey bone 
is dependent upon the overall amount of marrow available in the 
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diet. This creates a very random pattern of breakage in terms of 
both the number fragmented and the length of fragments. 
Furthermore, it is expected that human processing of small 
mammal bone will also focus on the articulating joints, leaving signs 
of gnawing and/or breakage to epiphyseal ends. Also smaller 
mammal femurs have been generally found to contain a higher 
marrow content than humeri (Yellen, 1991 ). The data presented 
in tablexx above, indicates that femurs have suffered a higher 
breakage rate compared to humeri and this fact could be a result of 
the preferential breakage of femurs by humans to extract marrow. 
2. Cave treadage of owl pellet bone will display a uniform 
pattern of breakage, which will be most evident for bone shafts; 
femurs and humeri. 
Breakage patterns of dry limb bones by treadage are 
constrained by morphological factors; the bones break at the 
weakest point - about half way along the shaft - resulting in an 
even fragmentation pattern for · both numbers of fragmented 
compared to complete limb bones and fragment length. 
It is accepted that the pellet deposit in the cave consists of a 
range of fresh to dry pellet borie and fresh bone may break in a 
similar manner to bone broken during processing by humans. 
However, it is unlikely that a significant sample of broken fresh 
pellet bone would accumulate as recently deposited pellet bone is 
protected by the casing of fur and feathers cast around the bone to 
prevent injury to the owl during regurgitation. This protective 
casing, bound by a thick mucous coating. described in Sections 5.2 
and 5.4, takes some time before decomposing and exposing the now, 
dry bone. 
Measurements of the lengths of femur and humeri fragments 
will reveal either a random or a non-random pattern, indicating 
whether the bones were broken when fresh or dry and hence the 
likely taphonomic agent. 
Percentages of fragmented femur and humeri are shown 111 
Table 7.1 below. 
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Table 7.1 Percentage of broken femurs and humeri for two 
size groups of small and medium prey. 
Bandicoots Stick Nest Hopping Native 
Rats Mice mice 
Femur 46% 55% 70% 35% 
(n=497) (n=214) (n=l 703) (n=657) 
Humerus 37% 27% 27% 46% 
(n=684) fn=123) (n=l 234) (n=l80) 
Method 
Using the comparative osteological collections at the 
Department of Prehistory and Natural History, Research School of 
Pacific Studies and the Department of Archaeology and 
Anthropology, Faculties, A.N.U. and a private collection of small 
mammal bone, limb bones were identified to family, and where 
possible genus or species. Jn the small prey group the murids 
Notomys spp. and Pseudomys spp. were the most numerous species, 
and provided a large enough sample for valid comparison. 
However, the available comparative material was not sufficient to 
allow identification of femurs and humerus of Pseudomys to 
species level. Notomys has not been identified to species level due 
to the difficulties of a sufficient comparative collection and the 
similarity of the dentaries of Notomys species, (A. Baynes pers. 
comm.). 
Femurs and humeri of the two small murids were initially 
divided by eye into three length categories. However, the category 
containing the shortest femurs and humeri was later discarded as it 
provided too small a sample (less than 60 elements) and was 
probably an artefact of the Smm mesh size used to sieve the 
material. This left two sizes which were assigned to either 
Notomys or Pseudomys. 
The MNI estimate for Hopping mice m spits 6-22 of the deposit 
is 946. whereas the MN! estimate for Native mice in the same spits 
is 564. Thus the most numerous size group for femurs and humeri 
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were assigned to Hopping mice rather than to Native mice. 
sizes are given in Table 7 .2 
Sample 
Table 7.2. 
species. 
Sample sizes of small and medium prey 
Skeletal bandicoots stick hopping native 
element nest rats mice mice 
femurs 701 249 2000 695 
(all) 
humeri 812 166 1365 216 
fall) 
jaws 448 233 946 564 
(MNI estimate 
onlv) 
Native mice have obviously suffered greater loss of limb bones 
due to their smaller size. The small number of femur and humeri 
for Stick nest rats cannot be entirely explained by sieve bias and 
remains somewhat inexplicable at this stage. 
Both complete and broken femurs and humeri were measured 
to within 0.1 mm with vernier calipers. Complete femurs of 
Hopping mice averaged 23.5 mm in length, and were clearly distinct 
from complete femurs of Native mice which averaged 18.5 mm and 
were far more slender. 
Native mice complete humeri averaged 20.3 mm in length. 
This group was clearly distinct from Hopping mice complete humeri 
which averaged 13.1 mm and were far more slender. 
Of the medium prey species in the assemblage. the most 
numerous were Bandicoots, Perameles bougaim:ille, and Stick Nest 
Rats, Leporillus conditor and L. apicalis. Femurs and humeri from 
these two groups were easily distinguished morphologically. 
Bandicoot complete femurs averaged 34.5 mm in length and Stick 
nest rat complete femurs averaged 31.3 mm. 
Limb bones from all groups were commonly broken into two 
parts: one with the proximal end and some of the shaft attached 
(proximal-mid: termed PM) and the other with the distal end and 
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some shaft attached (mid-distal; termed MD). Complete and 
broken femur and humeri for each group were counted. 
Results 
The results are shown m Table 7.3. 
Table 7.3. Sample sizes of small and medium prey limb 
bones from Allen's cave 
I, l Hopping Native I Bandicoot j Stick '.!Total i mice mice i nest rats , 
rlF_e_m~u-r~~--+~~~~-+~~~~-r~-~~·~-~~~~....,,.-~~_,...., 
; ; 
' 
l i 
' 
whole 506 i 425 I 1 7 I I 75 I 1117 I 
PM 11 97 ! 232 ! 326 ! 139 I 1894 I 
l\ID 297 I 38 ! 204 I 35 ' 574 ' i i ! 
Total 2000 ' 695 701 I 249 13 64 5 I I I 
' 
Humerus ! ' I l i 
I whole 103 i 924 I 399 80 I 15061 
PM I 36 ! I 3 I ! 128 I 43 ' 338 I 
~·--- I 
The above data shows that for all categories, proximal shaft 
ends (PM) survive better than distal ends (MD), but that the 
opposite is true of humeri, with better survival amongst distal shaft 
ends than proximal. Also, complete humeri from all categories 
constitute 57% of all complete and fragmented humeri compared to 
32% for complete femurs. Thus femurs are far more likely to break 
than humeri. 
The length of each fragment in both sub-categories (PM and 
MD) was measured and an average length for each calculated for 
each spit number. Figures 7b and 7c below show the average 
length per category against spits 6-22, using the most numerous 
elements. i.e. proximal fragments of femurs and distal fragments of 
humeri. 
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Figure 7.2. Average length of proximal (PM) fragments for 
Hopping mice (Notomys spp.) and Bandicoot femurs from 
spits E4/6.22, Allen's Cave 
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The data show consistent average lengths for all sub-categories. 
It was then necessary to assess how long the broken bones 
were compared to complete bones. In order to confirm that the 
broken bones had been derived from a similar population to the 
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complete bones, the complete limb bones from Allen's Cave were 
compared with osteological collections at the R.S.Pac.S. and the 
Department of Archaeology and Anthropology, A.N. U .. and a private 
collection; the size ranges were similar. Together with the 
observation that widths of bone broken and complete bones showed 
a similar range this was good evidence that the complete limb bones 
from Allen's Cave therefore represented a normal population. 
The broken limb bones were then compared with the average 
length of complete limb bones for each species. The fragments 
were consistently found to be about half the length of the original 
limb bone. 
Table 7.4. Average proportion (%) and range (mm) of 
whole bone represented by limb bone fragments from 
small and medium prey species in Allen's Cave. 
1 Bandicoot Stick nest i Hopping l Native 
rat I mice J mice 
""j F_e_m_u_r _ _,.. __ 52_9l_o __ ...___5_3_o/i_o __ +-i __ 5_3_91-.,,~·l 63% I 
ir~ men t 0 l · 2 6 . 5 ) ( 7 . 8 · 2 2. 7 ) i ( I 0. J - I 3 . 8) j (I O .3 . I 5 . 3 ) I 
Humerus 56% 55% 60% 70% 
1.MD J(Jl.2-20.3) 1(10.0-21.0) (8.3-13.0) (9.8-15.0) , 
..... If_r.,...a""'g_m_e;...n_t__,l ___ , ____ J _____ ....... ·····---·-·-·········j __ .. ____________ l 
Table 7.4. shows that most limb bones break between about 
half and two-thirds of the way along the shaft. Although it appears 
that short femurs tend to break closer to the proximal end and 
short humeri closer to the distal end, which may be auributed to a 
bias of sieving. Mesh size bias tends to discriminate against 
preserving short bones which break in the middle as this gives two 
relatively small fragments which might both be lost when sieving. 
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7 .4. Discussion 
As previously discussed above bone broken when fresh 
exhibits a different pattern to bone which is broken when dry. The 
consistent pattern of breakage of the limb bones of small and 
medium-sized prey in Allen's Cave indicates that the bones were 
broken when dry. 
The pattern of breakage is consistent with ihe limb bones being 
deposited on the surface of the cave then being broken by 
subsequent cave activity, such as treading and possibly shifting or 
sweeping existing surface debris aside. Other events may also have 
caused breakage to some skeletal elements, as shown by the Owl 
pellet material from a Pleistocene site not occupied by humans 
described in Chapter 5 and Appendix 4. 
Because the pattern of breakage identified at Allen's Cave for 
the small and medium prey was not random, it 
any processing of these animals by Aborigines. 
does not indicate 
Although femurs 
have suffered a higher breakage rate compared to humeri, which 
could be associated with preferential breakage of femurs by 
humans to extract marrow. the overall pattern of breakage does not 
indicate human processing. This is not to suggest that Aborigines 
did not predate upon animals m the two smaller categories, but 
that there is no direct evidence in the damage patterns to indicate 
this. 
As a cross-check of the finding that small and medium prey 
groups were deposited by owls, Table 7.5 presents numbers of a 
range of post-cranial elements with MNJ estimates from dentaries, 
for the most numerous groups in the small and medium prey 
categories; Hopping mice and Bandicoots respectively. Scapulae 
were not included as it was found to be impossible to identify 
scapulae to genus on the basis of size alone. 
The table focuses on three spits from the mid-to late holocene 
era, which show peaks in artefact discard (see Table 2.1 ). 
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Table 7.S. MNI estimates of small and medium mammals 
from 3 spits in Allen's Cave. 
··~-~-----·-----"""',,,,,_..,.,.,.,.,., ...... ,,,..,,.~~ 
Species Bandicoots Hoooinl! mice 
Spit No. 1 0 
, 
I 3 2 2 1 0 i I 3 I 22 I l 
i dentaries 2 I I ') 5 9 26 I 32 35 i 
(100%i I (JOO%i i (100%) (100%) I (100%) (100%) I 
femurs 1 5 I 7 I 3 35 
I 29 I 3 5 I 
<71%) (28%) I (33%) (>100) ! (91%) (l 00%) I 
humeri I I 6 I 0 I 5 l 6 i 3 I I 2 I I I ! ' r76%i (40%) (55%) i (62%) I (97%) I (60%) ! 
pelves I 2 7 I ,5g%) I 25 30 I 26 I (57%) (28%'> I <96%) (94%) I (74%) 
tibiae 8 7 14 I 1 5 I 5 I l 2 I (38%) (28%) (> 100) I (58%) (47%) (34%) I 
16 "l calcanea 7 I 5 8 I 3 3 I 
(33%) (60%) (89%) I u2%i 1 (9%) i (46%) I 
Skeletal part representation for a range of post-cranial 
elements for the smaller size group, Hopping mice follows a common 
pattern repeated in each spit, with femurs, humeri and pelves being 
better represented than tibiae and calcaneum. However, the 
percentages of individual elements from Bandicoots. tends. to vary 
between spits, and a common pattern is not established. 
The evidence presented in Chapter 5 indicated that medium 
sized prey are taken by more than one predator and the 
discrepancy found in Tables 7 .2 and 7 .3 above for Bandicoots is 
probably due to deposition of medium prey bone in scats as well as 
pellets. Plate 7 .2. shows a range of digested material from about 
2,000 years ago (E4/l 0), indicating the active presence of 
mammalian carnviores at this time. Plate 7.3. shows a calcaneum 
(E4/2l, about 4,500 BP) from another medium prey group, Bettongs 
Bettongia spp., which has suffered severe digestive damage. This 
calcaneum has also been burnt, indicating the secondary effects of 
burning on surface deposited debris. Plate 7.4. shows a range of 
damage to Bettong, Bettongia penicillata, jaws (E4!10, about 2,000 
BP) which is consistent with scat deposition by Tasmanian devils. 
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Plate 7.2. Bone fragments from Allen's Cave showing signs 
of carnivore digestion 
MM 1''!1111111111111111111111111 
Plate 7.3. Bettong calcanea from Allen's Cave showing 
carnivore digestion and burning. 
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Plate 7 .4. Bettong jaw fragments deposited by devils in 
Allen's Cave. 
Plate 7.5. Proximal end of bandicoot tibia from Allen's 
Cave showing three puncture marks 
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7 .5. Pleistocene deposition 
The smaller sample size of identifiable elements m the 
Pleistocene horizon present difficulties in identifying trends. 
Plate 7.5. shows the proximal end of a Bandicoot, Peramelidae 
spp., tibiae with three puncture marks, consistent with carnivore 
toothmarks, below the apophyseal area and on the shaft. This 
fragment is from E4/30, about 17 ,500 BP. Thus carnivores were 
also depositing medium prey in the site at this time and possibly 
also smaller prey. 
Although there is far less evidence for owls depositing pellets 
m the cave during the Pleistocene, their presence is noted in the 
range of post-cranial elements from small and medium prey and 
evident in the specific type of damage to limb bone ends, identified 
with Masked Owl predation. 
7 .6. Taphonomic agents of modification and deposition of 
small and medium prey bones in Allen's Cave 
The overwhelming evidence indicates owls as the primary 
depositors of small and medium prey in Allen's Cave during the 
Holocene. The assemblage indicates the definite presence of 
Masked Owls but the presence of Barn Owls can only be assumed, as 
any taphonomic signature left by these raptors is overridden by 
Masked Owl signatures. The presence of other carnivores. such as 
Tasmanian Devils and later, Dingoes, is also shown in the pattern of 
damage, such as toothmarks and digestive damage, to the material. 
It is estimated that less than 2.5% of bone in the total Holocene 
horizon showed evidence of carnivore digestive damage. The 
estimated prey bone weight deposited by owls is. by contrast, 17.5% 
of the Holocene horizon. 
A similar pattern is suggested for the Pleistocene, although it is 
recognised that a far smaller sample of prey in this 
However, the distinctive damage left by Masked Owl 
identified on some post-cranial elements of medium prey 
presence of digestive and toothmark damage on other 
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horizon. 
digestion 
and the 
fragments 
indicates deposition also by Tasmanian Devils. 
shown in Table 4.14, 1 % of the total deposit 
carnivore digestive or toothmark damage in 
compared to 4.4% by owls. 
As previously 
shows signs of 
the Pleistocene 
There is no direct evidence for Aboriginal predation of small 
and medium prey amongst the skeletal elements in these groups. 
however, this does not imply that predation of small and medium 
prey was not carried out by the occupants of Allen's Cave. 
The next section attempts to identify the taphonomic agent of 
deposition for the large prey group in the assemblage. 
7. 7. Taphonomic agents of modification and deposition of 
large prey bone in Allen's Cave 
The large prey group was found to contain-
• a low ratio of identifiable cranial to post-cranial elements 
• no complete major skeletal elements 
• complete elements were phalanges only 
• high number of fragmented molars. 
• the greatest amount of skeletal loss; less than 4% of the 
total bone debris has been identified from large prey (this 
includes all fragments identified to large prey). 
It is obvious that carnivores, particularly Tasmanian Devils, 
and later Dingoes have deposited bone fragments from large prey. 
Types of damage are shown in Plates 7.6. and 7.7 .. which indicate 
punctures to a proximal rib and phalanx and pitting on the surface 
of a phalange. However, some damage, such as that shown in Plate 
7 .8. could be a result of human or other carnivore damage. These 
two macropod phalanges are dated to approximately 2,800 BP. 
Evidence for deposition of large prey bone by humans 
occupying the site lies in the size of the bone fragment. 
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Plate 7.6. Punctured macropod rib and phalanx from 
Allen's Cave. 
MMl11111111111111111111111111111111!''''''l'''''''''l 
Plate 7.7. Macropod 
Allen's Cave. 
phalanx 
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with pitted surface from 
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Plate 7.8. Macropod phalanges from Allen's Cave with 
gnawing marks 
7 .8. Humans as agents of deposition 
As discussed in Chapter 5, scat debris from both devils and 
dingoes measures less than 35 mm with an average length of 
15mm. As also discussed in Chapter 5, these predators do not drag 
prey into caves for consumption. Thus any debris measuring more 
than 35 mm can only have been deposited by humans (Walshe, 
1994). This material is distributed through the deposit as shown 
in Figure 7.4 below. 
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Figure 7.4. Weight of burnt bone and fragments >35mm 
from large macropods in Pit E4, Allen's Cave 
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Distribution of these large fragments is similar to that for burnt 
bone. Large prey require larger he<irths and higher temperatures 
which increases the amount of burnt material. 
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The total amount of human-deposited fragments is 263 g. 
which is an extremely low amount and represents only 2.2% of the 
total bone debris from pit E4. Previous taphonomic analyses of 
bone in Australia have concentrated on identifying cultural debris 
in an attempt to identify patterns of subsistence and occupation (as 
was discusssed in Chapter 4). However, cultural debris from highly 
fragmented samples reveal very little about either occupation or 
subsistence, other than the obvious fact - that humans ate large 
animals. 
By contrast, the non-cultural debris makes up a 
substantial component of the overall deposit, being the 
97.8% of the deposit or I I .437kg of bone in Allen's Cave. 
far more 
remarnrng 
Thus the 
potential of the non-cultural debris to illuminate occupation and 
subsistence patterns will be explored. 
The second part of this analysis will focus on the potential for 
non-cultural debris to indicate occupation and subsistence patterns. 
7.9. Determining subsistence and occupation patterns 
from non-cultural bone debris 
The non-cultural bone material in Allen's Cave is heavily 
concentrated in the Holocene layer. The amount in the Pleistocene 
deposit is contains 30% of the total deposit accumulated over some 
15,000 vears. By contrast, the Holocene horizon contains 70% of the 
bone deposit accumulated over only aboout 5,000 years. Thus, as 
in the previous analysis, it is the Holocene sample which is more 
reliable for indicating general trends in the deposit. This sample 
will again be focussed on before attempting to determine similar 
patterns in the Pleistocene material. 
The previous analysis established that fragmentation patterns 
amongst major limb bones of small and medium prey is best 
explained by cave activity rather than deliberate human 
modification. However it is possible that changes in fragmentation 
rates of the bones in Allen's Cave will reflect changes in the 
intensity of human occupation. 
2 5 1 
It is recognised that stone tool discard rates as indicators of 
occupation intensity are subject to certain problems of 
interpretation (Hiscock, 1981 ). However, these problems are not 
encountered to any significant degree rn the Allen's Cave 
assemblage as the stone artefacts are extremely uniform with flakes 
dominating the upper Holocene horizon, all of which fall into a 
narrow size range (Nicholson, n.d.). Thus for Allen's Cave at least, 
the stone tool discard rate is accepted as indicative of broad trends 
in occupation. 
The discard rate for stone tools in pit E4, previously described 
in Chapter 2, was compared with the breakage rate for femurs and 
humeri from the two most numerous groups, Bandicoots and 
Hopping mice, representing the medium and small prey category 
respectively. 
The data is presented in Figure 7 .5 below. 
A correlation between discard rates for stone tools and 
fragmentation rates for femurs· and humeri of most numerous small 
prey group and the most numerous medium prey group has been 
established. Thus changes in the intensity of occupation are 
reflected in the fragmentation rates for major limb bones in the 
non-cultural debris. 
It is possible that the limb bone breakage rate could be used on 
other assemblages to assess the validity of stone tool discard rates 
and in this way act as a correction factor for predicting occupation 
intensity. 
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7. IO. Subsistence patterns 
As discussed above, the presence of bone fragments from large 
prey measuring more than 35 mm rn length directly indicates 
deposition by humans occupying the site. The presence of calcined 
bone further indicates cooking of large prey at Allen's Cave. 
However, as discussed in Chapter 6, it is not possible to 
identify evidence for marrow extraction or other carcass modifying 
processes (except bone tool fabrication) attributable to humans in 
highly fragmented assemblages in which a number of taphonomic 
agents have deposited and modified bone. 
As also discussed above, there is no direct evidence in the bone 
debris to indciate predation of small or medium prey by Aborigines 
occupying the site. Circumstantial evidence will be sought to 
determine if smaller prey were predated upon by Aborigines. 
Much ethnographic evidence exists to suggest that smaller prey 
provided a substantial part of Aboriginal diet (Hyam, 1940, 
Spencer, 1928, Grey, 1841, Horne and Aiston, 1924). The 
advantage of hunting many small and medium-sized prey animals 
lies in their tendency to occupy communal burrows, thus supplying 
the hunter with a greater bounty than individual finds of smaller 
prey. Furthermore, some small prey species undergo irruptions in 
population after favorable climatic events causing many predators, 
such as owls and dingoes, to converge on the irruptive area (Watts, 
1981). Early ethnographers recorded that the hunting of smaller 
prey was largely the province of women and children (Spencer, 
1928, Grey, 1841. Horne and Aiston, 1924 ). However, as discussed 
by Behrensmeyer ( et al., l 979), bone debris of smaller animals is 
far more susceptible to scavenging and as noted by Gould (1967) 
smaller prey can be eaten whole. 
As noted in Chapter 2, during the post-glacial climatic 
amelioration the number of species of small and medium-sized 
animals found in the Allen's Cave deposit increased more than the 
large animal groups, which remained stable. At the same time 
occupation intensity increased as demonstrated in the rate of stone 
tool discard, quantities of burnt bone and breakage rate for smaller 
prey bone. 
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Hypothesis 
I. If larger prey are the focus of hunting activity then MN! estimates for this 
group when displayed as a percentage of the total MN! estimate, should 
increase significantly during the times of highest occupation intensity. 
2. If there is no indication of an increase in the predation of larger prey when 
occupation intensity increases, then predation of smaller prey can be assumed. 
Method 
The percentage of larger mammal prey in the total MNI estimate per spit was 
calculated. It was found that larger prey represented only one percent of the 
total MNI estimate for spits 22-16. This was followed by an increase in spits 
15-13, with 2%. Spit 13 reflects a drop in occupation intensity, yet the 
percentage of larger prey increases to 3% of the total for spits 12-11 and to 4% 
in spit 10. Spits 9-7 reflect a slide back to 3% before a maximum of 5% is 
achieved in spits 6-5. 
Result 
It was found that the estimated numbers of larger prey, as a percentage of the 
total MNI estimate per spit, do not reflect the trend in occupation intensity, as 
shown in Fig. 7.6. Larger prey continued to be predated upon by humans. 
However, the estimated numbers of larger prey are low compared to the 
overall number of prey recorded in the site. Larger prey do not dominate the 
assemblage until the last 1000 years, as discussed futher in section 7.11. 
It is suggested that the focus of predation was on smaller prey for which the 
highest species diversity was recorded during the Holocene. Smaller prey and 
plant foods have long been recognised as typical of subsistence in less well 
watered environments. 
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Doreen Bowdery, research student at the Department of 
Archaeology and Anthropology, ANU has carried out a phytolith 
analysis on samples from Allen's Cave. Her results indicate an 
absence of grass in the vicinity of the site. This suggests that large 
prey were killed at some distance from the cave, in outlying 
grazing areas, and carcasses brought back to the site, rather than 
consumed at the kill site. It was recognised in chapter 5 that many 
of the teeth of large macropods have been deposited in the site via 
devil scats. Pemberton (1990) estimated the home range of devils 
to be 25sq.km. which suggests that large macroprods were grazing 
within 25sq.km of the site at least. 
If large prey were brought into the sit for consumption rather 
than being consumed at the kill site, the reason may have been to 
share with other members of the group who were contributing 
smaller prey. This suggests that Allen's Cave was occupied, at 
times, by a group of men, women and children. However, it is not 
possible to deduce a more detailed pattern of occupation from the 
limited evidence available, much of which is circumstantial. No 
doubt occupation varied immensely over time, differing in 
population numbers. age and gender structures. 
Conclusion 
There is sufficient evidence to suggest that Allen's Cave was 
not occupied as a base for hunting large game. The focus of 
occupation was on small and medium prey, of which there was a far 
greater variety. Large prey were also hunted. and were brought 
back to the site for consumption. Thus there is tentative evidence 
for Allen's Cave being occupied. at times, by a mix of women, men 
and children. However. it is recognised that other patterns of 
occupation may have existed, for which there is no definitive 
evidence. 
7 .11. Decrease in site occupation at 1,000 BP 
Occupation intensity at Allen's Cave peaked at about 2,300 BP. 
However, by l ,500 BP occupation decreased dramatically, as 
indicated by a variety of data; stone artefact deposition, amount of 
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human-deposited macropod bone, burnt bone, total bone weights, 
sub-categories of the bone weight (owl prey and devil scat material) 
and charcoal (see Figures 2.7., 2.8., 6.1., 7.4., 7.5.). Thus there is a 
decrease in occupation by all identified predators previously using 
the site; Owls, Devils, Thylacines, Aborigines and Dingoes. 
The disappearance of Devil and Thylacine teeth at this time is 
probably due to the disappearance of the animals themselves from 
the region, but this does not explain simultaneous abandonment of 
the site by Aborigines, Dingoes and Owls. This change in the 
occupation of Allen's Cave will be explored in this next section. 
Both Owls and Aborigines occupying Allen's Cave have been 
shown to concentrate on small and medium prey. Thus the 
apparent late Holocene abandonment of the site could be explained 
by changes in the local populations of smaller prey; this may have 
been due to one or more of the following factors: 
1. Aboriginal burning ·patterns alter the vegetation cover, 
diminishing the small and medium mammal profile 
2. over-predation of small and medium prey by dingoes 
3. generalised local aridity causing loss of small and. medium 
prey diversity 
There is no evidence for an increase in charcoal in the deposit 
at this time (Bowdery pers.comm.), which does not support the first 
option. Over-predation of some irruptive species, such as Notomys 
sp. and some Pseudomys sp. by dingoes is possible, as has been 
observed in recent times (Wans and Aslin 198 l ). However, it is 
unlikely that all small and medium prey would have been 
vulnerable to such predation by dingoes. 
Smith {I 989) has found some evidence to support generalised! 
aridity at this time. However, the number of species of small and 
medium prey in the site after I OOOBP is less than the number 
deposited during earlier maximum aridity (Appendix 1 ), thus 
suggesting that aridity need not diminish species numbers, but 
instead replace with more arid adapted species, in this region of the 
Nullarbor. 
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In summary, it is possible that a generalised aridity phase at 
about 1000 BP took place, resulting in a loss of smaller species, but 
the evidence is not conclusive. Alternatively Owls and Aborigines 
may have abandoned the site independently but simultaneously. 
Simultaneous but independent abandonment of the site by 
owls and Aborigines may have occured as a result of; 
1. owls increase occupation of arboreal roosting sites in 
preference to the cave 
2. Aborigines no longer occupy the site due to; 
a) concentrating on large macropods which can be hunted 
with the assistance of the dingo and camps are made 
closer to grazing land 
b) open sites are favored due to increases in group numbers 
and closer proximity to a range of now preferred foods 
c) the former source of fresh water is no longer useable. 
Discussion 
The suggestion that owls begin to increase their occupation of 
trees in favor of caves cannot be determined either way in view of 
the lack of evidence. 
It is also not possible to assess the validity of the options for a 
decrease in Aboriginal occupation of the site. There is a lack of 
evidence regarding the asosciation between dingoes and Aborigines 
in this part of ihe Nullarbor and regarding the favoring of open to 
cave sites at this time. 
There is some evidence for an increase in population in the 
south-east of Australia at this time 8(Lourandos, 1983, Ross. 1985) 
and for the arid zone generally (Ross, et al., l 992). This is largely 
based on an increase in the numbers of sites which can be dated to 
the late Holocene and an increase in occupational debris in sites 
already ocucpied. However, there are problems with such 
equations and it is not automatically accepted that a population 
increase occured at this point. 
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7,12. Summary 
Allen's Cave was initially occupied by Aborigines in the early 
Pleistocene during greater aridity than experienced presently on 
the Central Nullarbor (Appendix 1 ). Subsistence at this time 
focussed on smaller prey with some hunting of large prey. There 
is no evidence to indicate the nature of occupational evenis, with 
only a broad. indication of continous occupation. The site was also 
used at this time by Tasmanian devils who deposited scat bone and 
removed human food discard and owls who deposited pellet bone. 
Climatic amelioration after the glacial maximum increased the 
numbers of species of small and medium prey in the vicinity of the 
site. A further increase occured during the Holocene and owls 
became the primary depositors of bone in the site at this time and 
devils, secondary depositors and primary removers of bone. 
Aborigines also increased their occupation intensity during the mid-
Holocene, still focussing on smaller prey, of which an abundance of 
species were available. Large game were also hunted but these 
had to be obtained from further afield. There is some evidence to 
suggest that, at times, the site was occupied by women, men and 
children who shared the smaller and larger prey. 
Occupation of the site by 
decreased after about I 000 BP. 
owls, 
This 
Aborigines and dingoes 
may have been due to a 
generalised arid phase at this time, diminishing the smaller prey 
resource. Alternatively simultaneous but independent decrease in 
occupation may have taken place due to owls roosting outside of the 
cave and Aborigines also moving to open sires. The latter may 
have been associated with population increase and/or changes in 
social structure. 
The taphonomic. anlaysis presented in this chapter 
concentrated on the non-cultural debris to provide evidence for 
human occupation and subsistence patterns. Such an approach was 
found to be successful and far more informative than the 
comparatively small amount of cultural debris. 
The following chapter will discuss the implications of the 
analysis of Allen's Cave undertaken in this thesis for existing 
Australian archaeological arid zone theory. 
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CHAPTER 8 
Allen's Cave, regional theory and arid zone 
archaeology 
8.1. Introduction 
The archaeological evidence from Allen's Cave indicates that 
Aboriginal people had spread into the arid southern Nullarbor plain 
during the early Pleistocene. By 40,000 BP these people had 
established a pattern of subsistence which was capable of sustaining 
occupation during the increasing aridity associated with the glacial 
maximum. The degree of aridity between 30,000 and 11,000 is 
reflected in the faun al sequence and interpreted by A. Baynes 
(Appendix I of this thesis) as indicating greater aridity than 
presently experienced on the central Nullarbor plain. 
The previous chapter presented the taphonomical evidence 
from the vertebrate debris for a largely unchanging subsistence 
base until the late Holocene but a changing pattern of occupation 
intensity during the mid to late Holocene. The intricacies of 
Pleistocene site occupation remain less clear in light of the limited 
archaeological evidence and existing methodology in which to 
interpret that evidence. For example only 2.2% of the total 
excavated bone debris from pit E4 can be definitely associated with 
human occupation. Such limitations need to be recognised when 
constructing occupation and subsistence models. 
It is suggested in this chapter that existing arid zone theory has 
largely failed to correctly predict the occupation and subsistence 
pattern evident at Allen's Cave. Arid zone theory is read from the 
broader theories of colonisation established independently (but 
along a similar theme) by both Bowdler ( 1977. 1990) and Veth 
(1989, 1993 ). Both Bowdler and Verh's models make specific 
mention of evidence from Allen's Cave which is called in to support 
their respective models. 
Theories of Pleiswcene colonisation of Australia must by 
nature attempt to incorporate all Pleistocene sites within a single 
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model. However, by doing so, the occupation dates for each site are 
emphasised at the expense of site data. It is recognised that 
chronology provides a necessary framework from which to 
construct models but this should not detract from the greater value 
of site data. The overall result is a very narrow interpretation of 
occupation whereby the only acceptable evidence for occupation is 
datable evidence. 
The colonisation models established by both Bowdler (I 977, 
1990) and Veth (1989, 1993) have predicted that marginal zones 
were not occupied until late in the prehistoric record, circa 5,000 
BP, when population pressure, technological innovation such as seed 
processing, and knowledge of water resources finally allowed 
adaptation to take place. Such a model promotes a view of 
Pleistocene Aborigines being locked out of marginal areas for some 
45-55,000 years. Having finally managed to break the so-called 
barrier at about 5,000 BP, the models (Bowdler 1977, 1990 and 
Veth 1989, 1993) then suggest that Aborigines were locked into the 
marginal zones ad infinitum, never to cross the threshold of 
dampness again. 
It is suggested rn this cha.pter that arid zones were in fact 
occupied from a much earlier date, as the evidence from Allen's 
Cave indicates and more importantly, occupation patterns must be 
interpreted from more than a scattering of dates. 
quantity of archaeological debris may not in fact 
Furthermore, the 
reflect the length 
or intensity of occupation. The perspective of occupation offered 
by existing colonisation theories does not accommodate what may 
have been a highly variable and flexible activity. It is the 
simplistic reading of much of the record which has led to the 
generation of erroneous arid zone theory. 
8.2. Models of Australian Pleistocene colonisation 
The earliest theory of colonisation proposed for Australia 
(Birdsell. 1957) suggested th at Aborigines fanned out rn all 
directions from their point of entry and moved m a single wave, 
colonising the whole of the continent soon after arrival. 
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As pointed out by Horton ( l 981) this model did not consider 
the variation over time and space of differing ecozones or climaric 
upheavals, and the effects these might have on occupation or 
subsistence patterns. 
On the basis of evidence from a major archaeological site 
Bass Strait and in response to Birdsell's model, Bowdler 
1990) suggested that: 
in the 
(1977, 
"Australia was colonised by people adapted to a 
coastal way of life; initial colonising routes were around 
the coast and thence up the major river systems; and non-
aquatic adaptations such as desert and montane 
economies were relatively late in the sequence." 
(Bowdler, 1977 :204 ). 
Bowdler's model predicted that Aboriginal adaptation to desert 
and montane economies was only achieved after a coastal and 
Jacustrine diet was replaced by seeds, tubers and other vegetable 
foods, a situation made possible by technological innovation 
(Bowdler, 1981 ). This shift away from the better-resourced areas 
such as the coastline and major rivers was not possible until 
climatic amelioration had taken place after the last ice age. She 
predicted that this event occurred some 12.000 years ago and most 
intensively about 4,000 years ago, when finally the most marginal 
areas such as the large deserts were occupied. Thus it was not 
until 4,000 years ago, that the requisite skills needed to exploit an 
arid zone resource base were developed (Bowdler. 1990). 
Horton (1981) suggested that the path of colonisation across 
Australia would have been via woodlands as these are 
environments which contain the highest diversity of animal life and 
fresh water. Horton ( l 981) points out that coastal foods are 
generally available only on a seasonal basis. necessitating 
exploitation of surrounding hinterlands in the off-season. He 
argued that this ability to exploit hinterlands enabled Aborigines to 
colonise non-coastal areas at an earlier date than predicted by 
Bowdler's (1977. 1990) model. However. Horton (1981) supported 
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Bowdler's prediction of abandonment of marginal areas during the 
glacial maximum. He suggested a contraction towards the coastal 
fringe before returning at approximately 12,000 BP to earlier areas 
of occupation and occupation of extreme arid zones after about 
5,000 BP. 
The model described by Bowdler (1977, I 990) predicted that 
the pattern of occupation and subsistence at Allen's Cave would 
have been characterised by a coastal economy prior to the glacial 
maximum, followed by abandonment during the height of aridity, 
and finally intensification of occupation around 5000 BP, at which 
time people would have been eating plant food staples and smaller 
mammals. Horton (l 981) predicted a similar model for occupation 
but suggested exploitation of smaller mammals as a staple resource 
base at a much earlier date than predicted by Bowdler (1977, 
1990). The exploitation of smaller mammals at an early date is 
supported by the subsistence evidence from Allen's Cave. 
The topography of the present coastline, 8 km to the south of 
Allen's Cave, generally inhibited coastal exploitation, as discussed 
earlier in Chapter 2 with only one place along the coast known to 
afford access to the sea. 
situated east of Wilson 
This site known . as "Merdayerrah" was 
Bluff and south of Allen's Cave. 
Merdeyerrah was recorded by Daisy Bates as being a favorite 
fishing spot of the Miming people, whose association with the 
southern Nullarbor was recorded historically by Tindale (Gara and 
Cane, 1988). However, a recent archaeological survey of 
Merdayerrah failed to locate any archaeological surface debris (Gara 
and Cane 1988). The excavation of Allen's Cave recovered only iwo 
fragments of fish vertebrae, shown in Plate 8.1., from the l 5 kg of 
vertebrate debris and there was no indication of coastal exploitation 
from the earlier excavation by Marun (1974). Subsistence at 
Allen's Cave was not a coastal economy. The fish vertebrae were 
probably deposited in scats from Tasmanian devils who are known 
to scavenge fish from the shorelines (Section 5.8) and whose home 
ranges are sufficently large for a single devil to include both Allen's 
Cave and Merdeyerrah within its boundary. 
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Plate 8.1. Fish vertebrae from Allen's Cave. 
Ethnographic evidence presented by Gara and Cane (1988) 
records that the Miming people were divided into at least 11 
known totemic groups which each had a premanent water .. hole to 
which they were associated. Permanent waterholes were not 
known between Eucla and the Head of the Bight to the east, but 
numerous rockholes made transit possbile. Such a knowledge of 
fresh and permanent or semi·permanent water sources must have 
been known to Pleistocene people at Allen"s Cave during glacial 
aridity. 
The Pleistocene occupation of Allen's Cave during maximum 
aridity when the site was positioned some 180 km inland suggests 
that people were able to adapt to increasing aridity at a much 
earlier date than predicted by Bowdler's (1977) model. However, 
occupation of the site at this time may nor conform to the manner in 
which Bowdler envisaged 'successful' Pleistocene occupation. 
Bowdler (l 977) noted in her original paper that sites such as 
Kenniff Cave, Seton Rockshelter. Cloggs Cave and Devils Lair, which 
were occupied prior to the glacial maximum. did not in fact provide 
evidence of her predicted coastal economy. However, she 
responded by describing the Pleistocene sequences from the three 
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latter sites as 'non-cultural' and the Kenniff Cave sequence as an 
early tentative attempt at non-riverine/coastal exploitation 
(Bowdler 1977:227). 
Bowdler does not define occupation and little more can be 
understood from her model than to suggest that, in her terms, 
occupation is a continuous archaeological record with a substantial 
amount of debris. Certainly on this basis Allen's Cave does not 
fulfil the requirement for continuous occupation, with its minium of 
archaeological evidence during the glacial maximum, and cou Id well 
be described by Bowdler as representating an early tentative 
attempt at non-coastal exploitation. However, such a view is not 
supported by the fact that occupation began at 40,000 BP and 
continued through climatic amelioration at approximately 15,000 
BP, after which time the quantity of debris increases signficantly. 
A stretch of 25,000 years is a very long 'tentative' attempt and 
certainly a determined one considering that the coast disappeared 
from view altogether during maximum aridity. 
The comparatively smaller amount of debris accumulated in 
Allen's Cave during the Pleistocene reflects far more about the 
range of taphonomic effects than about the nature of occupation, as 
discussed in the previous chapter. The pattern· of subsistence and 
occupation at this time is not understood by comparing quantities of 
Pleistocene debris to Holocene debris. Bone and stone material 
have accumulated in each horizon under very different conditions 
and do not reflect the same spectrum of events. Furthermore, as 
Pleistocene occupation has become a far greater span of time with 
the dating of archaeological sites to 50,000 BP (Roberts, et al., 1990) 
it is hardly comparable to define material accumulated over 40,000 
years with material accumulated over I 0.000 years and under very 
different environmental circumstances. 
A more recent theory of colonisation is the refugia model 
proposed by Veth (1989. 1993). According to Veth's (1989) 
model, all Pleistocene sites in Australia fall into one of three 
categories: refuges, corridors or barriers. 'Refuge' sites are 
located in piedmont/monrane uplands and riverine/gorge systems 
where reliable sources of water can be found thus ensuring 
continual occupation throughout the glacial maximum. 'Corridor' 
sites are described as: 
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" ... those large tracts of sandy and stony lowlands 
which are argued to be habitable during climatically 
favourable periods but which would have been 
abandoned during the glacial maximum as they became 
depauperate in both water and food resources." (Veth 
1989:81). 
'Barriers' are the large sandridge deserts - the Great Sandy 
Desert the Victoria Desert and the Simpson/Strezlecki dunefield -
which are characterised by unco-ordinated and internal drainage. 
Radio-carbon dates obtained from the initial excavation of 
Allen's Cave (Marun 1974) indicated an hiatus in occupation which 
was later correlated with the glacial maximum. On this basis 
Allen's Cave was allocated the status of a corridor site. 
The more recent combined optical and radio-carbon dates 
obtained from Allen's Cave, discussed in Chapter 2, now disqualify 
the site as a corridor site. 
However, Veth (1989) lacer qualifies his description of corridor 
sites; 
"corridor sites will demonstrate one of two patterns. 
They will be abandoned and show a hiatus in occupation 
or, alternatively if they are located in especially rich local 
resource catchments, will show continous occupation with 
a demonstrable shift away from regional resources 
towards an increased reliance on local resources." (Veth 
1989:86). 
Veth does not clarify the distinction between local and regional 
resources for the southern Nullarbor, or elsewhere for that matter, 
and the distinction remains unclear. The drop in species diversity 
evident in the excavation sequence from Allens Cave for the time 
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correlated with the glacial maximum (see Figure 2.5) does not 
indicate a rich local resource zone. Furthermore, results from a 
biogeographic survey of the Nullarbor area found that: 
"No species are endemic or currently confined to the 
Study Area. In fact, with the exception of Sminthopsis 
gilberti... no species were recorded on the Nullarbor 
during our survey that are not also known from at least 
one of the immediately adjacent natural districts ... " 
(Boscacci, et al., 1987:128). 
Furthermore, the authors note that on the Nullarbor the small 
ground mammals are poorer in species than sites in other arid and 
semi-arid districts of Western Australia such as the Great Sandy 
Desert (Boscacci, et al.. 1987). 
Palaeontological evidence from a wide distribution of cave sites 
across the Nullarbor does not indicate a local species pattern 
existing independently from a regional pattern for the southern 
Nullarbor (Baynes, 1987). The increased distance of Allen's Cave 
from the coast during the glacial maximum placed the site in an 
area of poorer species richness than at any other time. However 
occupation continued, despite the absence of a demonstrable 
"especially rich local resource catchment" (Veth 1989:86). 
Allen's Cave does not fit the criteria for any of the three 
categories of sites proposed by Yeth's model. By reviewing his 
field work results it is clear that the refugia model was generated 
from the results of his field work along the Ruddal River in the 
Great and Little Sandy Deserts, \Vestern Australia. The failure of 
the model to accomodate Allen's Cave is linked to Veth's attempt to 
extrapolate from the range of sites identified in his field work area 
to all sites identified on the continent of Australia. 
From his survey of sites along the Ruddal River m the Great 
and Little Sandy Deserts. Veth (1989b, 1993) concluded that the 
overall pattern of settlement was largely determined by the 
availability of permanent water and economically useful plants. 
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His sample included fourteen open sites and four rockshelter sites 
in approximately 20,000 sq.km., from which he found a direct 
correlation between the length of occupation at any one site and the 
amount of water and plants there. Veth measured occupation 
intensity by the quantity of material evidence found in either 
surface scatters in open sites or stratified layers in rockshelters. 
Veth found larger. more densely covered sites around 
permanent water holes, compared to those around emphemeral 
water sources · which were mostly claypans. Intermediate sized 
sites were found around semi-permanent waters, such as creek 
junctions, springs and rockholes. The association of emphemeral 
waters with thin lenses of artefacts displaying a low degree of 
modification was interpretated by Veth as representing a site 
occupied by highly mobile, transient groups, compared to the larger 
and more socially complex groups which had gathered around the 
larger, permanent water holes. 
This model was based on his observations of the Martu 
Aboriginal people who reside in this part of the Western Desert. The 
Mrtu practise a predictable pattern of subsistence and occupation 
based on a seasonal cycle of wet and dry. Veth (l 989b, l 993) 
recorded that social groups spent most of the year, and especially 
the bad season when little freshwater could be found away from 
permanent water holes, around the large sites where they gathered 
plants and hunted. After rain, the group disaggregated for a while 
and travelled, via the now-filled claypans. to sites further inland 
which offered some economic and social activity. 
In summary, Veths ( l 989b. 1993) model suggests that the 
occupation of marginal areas was by highly mobile groups, whose 
main focus of activity was around permanent water holes associated 
with long term occupation. Ephemeral water holes were only used 
sporadically and on a short term basis following good rainfall. 
Occupation of arid zones was therefore highly determined by the 
environment, and the size of a group was determined by the 
amount and permanency of water. This was reflected in the 
archaeology; large scatters were found near permanent water and 
small scatters near emphemeral water. A prerequisite to 
occupation of marginal areas was the knowledge of plant foods, 
processing technology and knowledge of water resources. 
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Analogies can be drawn between Veth's (1989b, 1993) 
descriptions and interpretations of the open sites along the Ruddal 
River, and the descriptions of sites in his refugia theory for the 
entire continent: permanent sites are equivalent to refuge sites; 
semi-permanent are equivalent to corridor sites; and emphemeral 
sites are equivalent to barrier sites. However there is a major 
difference between the colonisation model proposed by Veth and 
his interpreation of the Sandy Desert sites. \Vhereas, the three 
categories of sites described by Veth (1989b, 1993) in his Ruddal 
River study area are sufficient to represent that particular 
occupation landscape, the scale of the continental wide model 
requires more than three categories if it is to be expanded to 
include all Pleistocene sites in Australia. However, Veth does not 
increase the number of categories and the much larger scale model 
can only fail to accomodate the expected range and variation of site 
types. Furthermore, the time scale of the original small scale 
model involved one cycle of seasons whereas the time scale 
referred to by the larger model involves some 50,000 years. 
The three site categories used by Veth to describe the cycle of 
events in his study area where linked within a similar span of time 
and space. Hence the seasonal cycle observed by the Man.u people 
involves approximately six months at a permanent site and the 
remaining six months are distributed around a number of satellite 
sites· the semi-permanent and emphemeral sites. This aspect is 
regulated by the amount of rainfall during the latter part of the 
cycle. However, on the continental scale refuge sites are occupied 
for 50,000 years, corridor sites are abandoned for 5-15 ,000 years 
and emphemeral sites are not occupied for 45,000 years. 
The larger colonisation 
corridor sites and barrier sites 
distances of time and space. 
model demands that refuge sites, 
are linked to each other across vast 
However, each site identified by Veth 
is really no more than the known best preserved site within a 
former landscape. The former landscapes in which each site was a 
focus for some time is of unknown dimension and contained an 
unknown quantity of satellite sites. The quantity of archaeological 
debris from a single site cannot be scaled if the very boundaries of 
the landscape to which it belonged, the number and range of sites, 
and rates of preservation and loss are all unknown. 
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The seasonal movement recorded by Veth for the Manu 
people, is very similar to that recorded by Daisy Bates in a 
newspaper article of 1914 for the Miming poeple of Eucla and 
discussed bv Gara and Cane (1988). They stress that water was the 
prime consideration around the fringes of the plain and suggest that 
the seasonal cycle would have been to exploit the plants and 
animals in the vicinity of the temporary watersources that 
appeared after rains and later falling back on permanent water 
when the smaller rockholes were exhasuted. Bates records: "every 
camping place is visited at an appointed time, when the fruit in the 
locality is ripe, or the white ants have reached their proper stage 
for eating, or the turkeys have come to feed on the their favorite 
food ... " (Bates 15/5/1914 ). 
According to Gara and Cane (1988), the Miming landscape 
comprised a barrier, refuge and corridor zone. The barrier was the 
treeless plain approximately 25km to the north of Allen's Cave, and 
the refuge was Ooldea Soak, approximately 285km to the northeast 
of the site and used during prolonged drought. The 20 to 30km 
strip from Eucla to the Head of the Bight provided a corridor of 
varied resources and social contact. No permanent water holes 
were recorded in historical times along this stretch but temporary 
rockholes were relatively numerous. \Vater was also available 
from mallee roots and other vegetable sources (Gara and Cane 
1988). 
The ethnographic landscape around Allen's Cave is similar in 
scale and description to Veth's description of his field work area. 
All prehistoric landscapes have probably contained their own 
barriers, refuges and corridors. However, it is not feasible to 
extrapolate from this scale to the entire continent. In doing so, the 
very intricacies in the panerns of occupation can only be identified 
on the most superficial level. Archaeologically well preserved 
sites are no more than the beacons of lost landscapes, and it is the 
landscape which we need to identify in order to understand the 
meaning of different quantities of site debris. Furthermore, 
'landscape' is very much a human construction and its extent is not 
neccessarlly defined by common geographic and climatic factors. 
Ethnographic sources emphasise that Aborigines moved across 
a landscape regulating their time at each site by the knowledge of 
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all sites. Archaeological sites may have been constructed by people 
with the knowledge of every other site, archaeologically visible or 
not, within the landscape. The boundary of a particular landscape 
may not necessarily have been defined by geological uniformity 
such as desert or montane or forest, but contained an area of 
sufficiently varied resources for both physical and social needs. 
Archaeology, if unable to reconstruct this. should certainly be aware 
of it 
Reconstruction of past landscapes will not be possible until we 
rid oursleves of the inherent bias toward better resourced zones 
and continue to perceive marginal areas in terms of 'last place'. 
Heavy rains allowed the resident groups around permanent water 
holes in Veth's study area to disaggregate and move through 
harsher areas to reach more inland sites, as it also did for the 
Mirining people in historical times. In fact. constant pressure on 
'permanent' resources eventually diminishes the resource. 
Emphemeral sites are necessary to relieve the pressure of more 
prolonged resource use at 'permanent' places. Furthermore 
emphemeral sites may well have been places of shorter occupation 
time but were not necessarily impoverished places, as the following 
comment demonstrates. 
An elderly Kartujarra informant described the emphemeral site 
of Emu Lakes to Veth as a: 
passing through place from Emu Range (5kms 
away) to the large rockholes on the western face of McKay 
Range (1 lkms east). He noted that this site lay in a 
direct path between the two. had good sandy slopes at the 
base of the calcrete rise for camping. contained the best 
stands of tea-tree and yielded clean water within calcrete 
solution holes after local rain. He mentioned that the 
drainage system to the south was excellent for hunting 
and contained the largest number of ant-bed mounds in 
the region ... " (Veth 1993:34). 
? "? 
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The description of this 'empherneral' area indicates a variety of 
food, described in very positive terms and a welcome chance to 
contact people on the other side of the range. Contemporary 
movements between permanent and emphemeral resources along 
the Ruddal River are not caused by population pressure and do not 
require tecnological shifts but take place simply from the 
opportunity and also the necessity to do so. Such a possibility 
should also be accepted for the Pleistocene. 
Veth's field work provided important evidence for the link 
between areas varying in drainage, vegetation, animal resources 
and social context. It demonstrated that people were not tied to a 
single site type, but whenever possible ranged across a varying 
landscape. This movement was not necessarily caused by 
population pressure and did not require technological innovation: 
the chance for a variety of food. shelter and social aggregation 
provided sufficient reason. 
McBryde has clearly stated that: 
"As archaeologists we have not yet learned how to 
extract prehistory effectively from the bulk of our 
archaeological resource ... " (McBryde 1986:23). 
This cannot come about until we also accept that occupation 
may have been on very different terms to that recorded in 
historical times. The overwhelming majority of Pleistocene sites 
may have been the equivalent of Veth's 'emphemeral' sites with 
very few attaining the status of 'permanent'. But so long as 
occupation continues to be defined by quantities of well preserved 
and easily identified archaeological debris in stratified sites, a 
significant j)roportion of Pleistocene occupation wi II not be 
recognised. 
8 .3. Preservation and occupation intensity 
The four stratified rock shelter sites excavated by Veth ( 1989b, 
1993) yeilded very little material evidence of human occupation. 
The small amount of bone present in some of the upper layers of 
the stratified sites was attributed by him to raptor deposition. 
Veth (l 989b, 1993) noted the unfavorable conditions for 
preservation in his survey area which lead to a lack of stratified 
sites. However, he believed that the small quantity of bone 
excavated from the rockshelters reflected occupation intensity 
rather than conditions for preservation. He drew this conclusion 
from the presence of well-preserved skeletal elements of small 
animals in the upper layers in some deposits. The absence of 
elements from larger animals is attributed to the processing of 
game away from the sites, as well as the sites' overall emphemeral 
use. The possibility that scavengers may have removed or 
destroyed existing debris or that Aborigines may have completely 
consumed small to medium sized game is not 
fauna! debris found in all sites was interpreted 
their emphemeral use during the summer, 
(Veth's description) were dispersed. 
discussed. Limited 
as a consequence of 
when range fauna 
Veth (I 989b, 1993) linked permanent sites with long-term 
occupation and emphemeral sites with short-term occupation, as 
described in Martu ethnography. Conditions for preservation of 
archaeological material around permanent water sources versus 
emphemeral sources and acidic rockshelter substrates are ignored 
in favor of a somewhat simplistic interpretation of the quantity of 
material, particularly the fauna! debris. As Veth (l 989b, 1993), 
concentrated on the association between open sites themselves, the 
association between open sites and the rockshelters in his study 
area was not fully explored. 
Ephemeral waters have a unique set of taphonomic dynamics, 
distinct from those of permanent water holes. The boundary of an 
emphemeral source is highly fluid as is its position in the landscape. 
Both factors are dependent upon the amount of rainfall and the 
compactness of the ground surface to retain it. The boundary of a 
permanent source is more static and fixed and the boundary of the 
associated site/occupation area is circumscribed by this boundary. 
Permanent sites retain predictable occupation areas which results in 
an accumulation of material in a similar manner to the confined 
space of a cave site, which also has a fixed focus of occupation. 
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Emphemeral sites leave more diffuse and temporary scatters which 
do not accumulate substantial amounts of debris over time. 
8.4. Summary 
Colonsiation models have assumed that all 
comparable, regardless of varying subsistence and 
patterns and chronological sequences. 
sites are 
settlement 
Veth's (1989b, 1993) field work observations of contemporary 
Martu settlement patterns indicated a direct correlation between 
water permanency at a site and length of occupation. He noted that 
satellite sites (i.e. emphemeral sites) existed in association with 
particular permanent sites and tended to outnumber them. In fact, 
Veth's data indicates that of 76 sites along the Rudall River. 88% 
were semi-permanent or emphemeral. The archaeological record 
rarely represents the full complement of sites, especially 
emphemeral ones which are least likely to be archaeologically 
visible and yet, it seems, most numerous. 
Veth depicted the deserts as barriers which were not overcome 
until 5000 years ago, at which time a combination of demographic 
pressure, technological shifts and changes in social structure forced 
the colonisation of the marginal sandy deserts (Veth l 989a; l 993). 
This narrow view implies that after initial human occupation of 
Australia there was a time lag of at least 45,000 years before 
technological inertia was finally overcome, and coastal and 
lacustrine foods could at last be replaced by a terrestrial menu. 
the 
Such a view has also been promulgated by 
quantity of archaeological debris and 
archaeological sites with occupation intensity; 
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others 
the 
who equate 
number of 
"The pattern of site use throughout the arid zone 
would therefore appear to have been one of relatively 
small scale occupation during the late pleistocene with a 
slight increase in sites and site use in the early holocene. 
It was not until after 4000 BP and more particularly after 
2-1000 BP that there was a major increase in the 
intensity of site use as well as an increase in the number 
of new sites first occupied ... " (Ross et al 1992:106). 
The occupation of marginal areas prior to the glacial maximum 
may have been on a scale which cannot be identified by current 
archaeological methods. Furthermore, too little interest has been 
given in the archaeological literature to defining the nature of site 
occupation and exploitation patterns within a particular 
environment (Thomas 1981). Veth (1989, 1989b) based his model 
for 50,000 years of occupation over the entire Australian continent 
around the evidence from four well stratified sites and sixteen 
'satellite' sites. Individual sites cannot reflect the whole of 
Aboriginal presence within a landscape, nor fully indicate the 
dimension of that landscape. 
Colonisation models such as those discussed here are too broad 
in scale to accommodate the intricate pattern 
subsistence over 50,000 years of prehistory. 
of occupation and 
They have merely 
sought to construct a view of Aboriginal subsistence and settlement 
as inflexible and slow to adapt. The evidence from Allen's Cave 
indicates the opposite - a rapid diversification of existing skills and 
technology which enabled humans to exploit an increasingly arid 
environment. At the continental scale, refuges, corridors and 
barriers are no more than theoretical constructs which have little 
archaeological reality. 
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The central aim of 
patterns of subsistence 
undertaking a taphonomic 
bone debris. 
CHAPTER 9 
Conclusion 
this thesis was to interpret Aboriginal 
and occupation rn Allen's Cave by 
analysis of the non-cultural and cultural 
The analysis revealed that a range of taphonomic agents had 
contributed to the deposit; primarily Masked Owls and possibly 
Barn Owls, Tasmanian Devils and to a lesser extent Dingoes and 
Aborigines. Deposition by Tasmanian Tigers and Quolls is 
considered to have been insignificant considering the generally 
insectivorous diet of the latter and lack of evidence for the former 
to consume measurable quantities of bone. 
Previous vertebrate analyses have attempted to identify 
discrete layers of predator occupation, which would provide a 
comparison between human and non-human bone debris and 
establish criteria for identification of human deposition. However, 
this approach proved lO be erroneous in its assumptions about 
predat0r behavior and ecology, and produced non-specific criteria 
for cultural deposits. 
For this reason, a comprehensive review was undertaken of the 
ecology and behavior of all predators associated with Allen's Cave, 
and common to cave sites in southern Australia generally. From 
this synthesis, a consistent method of identifying taphonomic agents 
and their impact on the bone deposit has been established. 
From the review of predator information, recurrent problems 
in applying results from feeding trials or actualistic research to a 
fossil assemblage were identified. It is suggested that further 
taphonomic work on palaeon!Ological fossil cave assemblages is 
necessary in order to identify and assess the taphonomic effects 
unrelated to human occupation. 
Owl pellet accumulations were found to be far more 
fragmented than expected on the basis of feeding trials and some 
skeletal elements showed extensive digestive damage. On the 
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other hand, devil scat debris has been found to include complete 
and undamaged limb bones of small prey. Contrary to expectations 
about carnviore scat debris, an analysis of devil scat bone found 
that the majority of fragments (approximately 60%) displayed no 
surface damage and could only be recognised by size, (averaging 5-
l 8mm) and the fracture edge of the fragment. Punctures and 
pitting marks caused by teeth were rare (on less than 4% of 
fragments) as were notched or flaked bone (2% average). 
The overlap in the size of scat fragments from devils and 
dingoes makes separation impossible where both species have 
occupied the site. At Allen's Cave, devils disappear from the 
sequence just prior to a significant decrease in occupation by all 
predators, including humans, which meant only a very small sample 
of non-devil affected bone was present in the analysis. 
It has been recognised in this thesis that the aims and issues 
governing taphonomic analyses performed outside Australia are not 
entirely appropriate to the Australian prehistoric landscape. A 
more critical approach is needed in undertaking taphonomic 
analyses of Australian archaeological bone assemblages. Of 
greatest concern is the aim of most taphonomic analyses to identify 
cultural debris in highly fragmented collections which have been 
accumulated by a range of taphonomic agents. This approach 
achieves little as typically the cultural portion is an insufficient 
sample, incapable of reflecting broad trends in human occupation 
and subsistence. The taphonomic analysis undertaken in this thesis 
identified such trends largely from the non-cultural debris. 
Pleistocene occupation of Allen's Cave began prior to and 
continued through the extreme aridity associated with the glacial 
maximum. Successful occupation and exploitation of the site during 
this time was not predicted, nor is it accomodated by existing 
theories of arid zone human colonisation. 
The major problem identified in existing interpretations of arid 
zone occupation lies in a dual perception of marginal areas as 
extremely impoverished places and of Aborigines as bound by 
technological inertia for an inordinate length of time. The 
taphonomic evidence from Allen's Cave challenges such a view and 
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strongly suggests that within so-called marginal areas the degree of 
occupation and subsistence equalled that of better resourced areas. 
Allen's Cave was intermittently occupied by groups of women, 
men and children, hunting small to large prey which were brought 
into the site for consumption. The variety of small and medium 
prey available in the surrounding environment provided a central 
subsistence focus throughout occupation. 
A significant decrease in site occupancy by all predators is 
demonstrated o.bout 1000 years ago. It is suggested that this is due ' 
to a combination of reasons-none of these was more strongly 
indicated than another. These were: local aridity; an occupational 
shift to open sites; a subsistence shift to large prey. 
The sparse occupational evidence identified from Allen's Cave 
is not indicative of sporadic and limited occupation but instead is 
considered to reflect the intense dynamics of site formation by the 
range of predators involved in deposition and modification of the 
bone debris. This is shown by the absence of any increase in the 
quantity of identified cultural bone debris in the Holocene, a time 
generally associated with better climate and food and water 
resources, compared to the Pleistocene era. 
Archaeological interpretaions must stretch its boundaries, from 
the perimeter of the cave to encompass the surrounding occupation 
space. As stated, all sites are created by their human occupants in 
the knowledge of other surrounding sites and they are both 
spatially and temporally distributed across the landscape. But not 
all of these sites are archaeologically visible in the landscape; one 
well preserved site may be taken as merely indicative of many 
others which are not. 
The Pleistocene of the southern Nullarbor was not an 
impoverished place and marginal areas did not necessarily 
confound those humans who first encountered them; 
impoverishment lies in the eye of the beholder. 
Future taphonomic analyses must attempt to devise 
methodologies which allow a greater range of sites to be identified. 
Interpretations of bone debris need to be based on more than the 
quantity of debris present. Taphonomic analyses must unlock the 
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history of site formation if a vision of the past landscape, as once 
viewed by its original occupants, is to be glimpsed. 
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APPENDIX I 
A concise report on the analysis of the mammal material from 
the E4 excavation in Allen's Cave. 
Alexander Baynes, Research Associate, Deparunent of Earth and Planetary Sciences, Western 
Australian Museum, Francis St, Perth, WA 6000 
Results 
In excess of 10,000 upper and lower mammal jaws and isolated teeth have been 
identified from the 41 spits of the E4 quadrat of the Jones/Cane excavation. It was only 
among the small dasyurids that significant numbers of specimens were unidentifiable -
in some spits the majority could not be identified to species. The number of mammal 
specimens (including those that were unidentifiable) recorded from each spit is shown in 
Figure l (p. AI - 2). The vertical gap between E4/22GL and E4/22 indicates the position 
of the unconformity between the orange Pleistocene and black Holocene units. As Figure 
l clearly shows, the number of specimens per spit was extremely variable, but generally 
much higher in the Holocene deposit than the Pleistocene deposit. 
The distribution of mammal species among the spits of the E4 excavation is 
shown in Figures 2a and 2b (pp. AI - 3-4). The species (key to abbreviations in Figure 
2b) are arrayed in checklist order within an overall arrangement by earliest record. Presence 
is represented by symbols (see Figure 2 captions) indicating the zoogeographic groupings 
into which the species falls. The verticitl gap again indicates the position of the unconformity. 
Presentation of the fauna! results is divided into presence and absence patterns 
and changes in relative abundance. 
Fauna! change 
The non-volant native mammal species show very clear patterns of occurrence. 
The lower spits in the Pleistocene deposit contain mainly arid zone species, with smaller 
numbers of species of uncertain zoogeographic affinity and one widspread form. It is 
only in spits near the top of the Pleistocene unit that the first two south-western species 
are recorded. Not surprisingly, the greatest fauna! change is across the Pleistocene to 
Holocene unconformity, with many south-western species first recorded in spits E4/22 
or E4/21. However, some arid zone species, such as Phascogale calura, and some 
widespread species, such as Trichasurus vulpecula, are also first recorded in Holocene 
spits. High numbers of earliest records tend to be associated with the larger-sized 
samples in spits E4/36, E4/35 and E4/27 to E4/23 (cf. Figure 1). 
AI- 1 
Figure 1. Bar diagram showing the numbers of specimens of mammal jaws and 
isolated teeth from each spit in the E4 excavation in Allen's Cave. The 
vertical gap between spits E4/22GL and E4/22 represents the unconformity. 
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Figure 2a. Native non-volant mammal species in the E4 excavation in Allens Cave, by 
earliest record: O =widespread in modern arid zone; + = uncenain zoogeography; 
• = arid zone and throughout south-west; * =south-west; · =not recorded. 
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Figure 2b. Native non-volant mammal species in the E4 excavation in Allens Cave, by 
earliest record: o = widespread in modern arid zone; + = uncertain zoogeography: 
• =arid zone and throughout south-west; * =south-west; · = not recorded. 
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One striking feature of the mammals from the E4 excavation is the apparent 
persistence of almost the entire fauna into the spits above the unconformity, giving very 
high species richness in the lower to middle levels of the Holocene deposit. Only in the 
case of Dasyuroides bymei does the pattern of occurrence suggest that the records in the 
Holocene unit might result from imperfect separation of black and orange deposits during 
excavation. 
Quantitative analysis 
In order to investigate whether the parallel responses of the widespread and arid 
zone species to those of the south-western species represented a community response, an 
ordination of the non-volant native species was carried out. 
Because of the great differences in sample size (Figure 1), it was necessary to 
prepare the data by combining the numbers from some spits and normalizing all the 
resulting samples. 
The E4 excavation is a small subsample of the large volume of deposit in the 
cave. Therefore the total numbers of specimens of each species identified from each spit 
(NISP in the terminology of Lyman 1994), were used as variables in the ordination 
analyis rather than the minimum number of individuals (MNI) of each species from the 
. spit. The criteria set for inclusion of a sample were that the raw data had to include 30 or 
more specimens representing 10 or more species. To achieve this it was necessary to 
combine data from some of the spits at the top and in the bottom third of the deposit. 
None of these combinations occurred across the zone of rapid faunal change. Combination 
reduced the number of samples to 33. The number of these samples in which individual 
species occurred varied from one to all 33. A histogram of frequency of occurrence of 
species revealed no abrupt step reduction. It was therefore necessary to erect an arbitrary 
criterion of presence in at least eight samples for a species to be included in the analysis. 
This reduced the number of species to 33 also. 
The raw data were normalized by sample, using the usual standard score, 
Z (e.g. Zar 1974, p. 74). The standard score data were then analysed using the 
principal components analysis in version 4.02 of the Statview statistical package on a 
Macintosh computer. Three factors were extracted in the eigenanalysis, and no 
transformation was applied. A second order regression of factor 2 loadings on factor l 
loadings was no more statistically significant (F = l.106; P =0.344) than a simple 
regression (F = 0.797; P = 0.379). This suggests that the data do not show sufficient 
nonlinearity for detrending to give a more meaningful pattern (see Ludwig and Reynolds 
1988, p. 260). 
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Figure 3. Pseudo three-dimensional representation of principal components analysis 
factor loadings for 33 mammal species from the E4 excavation, Allen's 
Cave; combined samples, normalized by sample. The Z axis is projecting 
from the plane of the paper. See Figure 2b for species abbreviations and 
symbols. 
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The factor loadings were introduced into the data visualization computer program 
MacSpin (version 3.01), and rotated to explore the three-dimensional relationships between 
the species. This revealed that no species lies close to the origin in all three dimensions 
and that a substantial proportion of the spedes form two fairly compact groups at high 
positive and negative loadings on factor I. Figure 3 shows a view from MacSpin that is 
rotated slightly from the zero point to more clearly reveal the separation of the groups 
from the scattered species. It shows the close proximity of the species restricted to the 
upper levels of the deposit, and (in the enlargement) the very tight grouping of such 
zoogeographically disparate species as Cercartetus concinnus with Sminthopsis 
crassicaudata, Dasyurus geojfroii, Phascogale calura and Chaeropus ecaudatus. 
Interpretation 
Martin (1973) investigated the palynology of three southern Nullarbor caves, 
including Allen's Cave (Nl45). On the basis of the ratios of myrtaceous to chenopod 
pollens in the cave deposit and various surface sites, she concluded that during glacial 
titnes the treeless saltbush-bluebush dry shrub steppe vegetation moved south to encompass 
Allen's Cave. In the early Holocene changes in the pollen ratios were interpreted to 
indicate the arrival of mallee woodland, which continued to develop in the area up to the 
present day. She considered that·these changes resulted almost entirely from the effect 
upon local climate of the movement of the coast to the edge of the continental shelf with 
glacial low sea-levels and its return to the base of the cliffs in the Holocene. 
The overall changes in both fauna and relative abundances of species are consistent 
with the pattern of vegetation change inferred by Martin. However, unlike the pollens, 
it is possible to identify most of the mammal remains to species. Comparison of the 
mammal fauna in the Pleistocene orange unit of the E4 excavation in Allen's Cave with 
the original (i.e. immediately pre-European) fauna of the central Nullarbor Plain, as 
recorded at the surface of cave deposits (Baynes 1987), suggests that from about 30,000 
years ago until about 11,000 years ago the climate around Allen's Cave was even more 
arid than it is at present in the central Nullarbor Plain. At the end of the Pleistocene an 
increase in effective local rainfall allowed invasion by the first of the south-western 
mammals. 
At some time between about 10,000 and 4000 years ago (not represented in the 
E4 excavation because of the unconformity), rainfall increased further and the mallee 
vegetation community became established around the cave site, permitting invasion of the 
area by south-western mammals which are members of mallee communities elsewhere. 
The common pattern of invasion of Phascogale calura, Trichasurus vulpecula and 
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Cercarterus concinnus probably reflects not so much their common arboreal habit as the 
provision of hollows for shelter in the mallee trunks and fallen limbs. For ex:ample, the 
original distribution of Phascogale calura included the present central arid zone, so it is 
unlikely to have been limited by low rainfall directly, but it has a requirement for hollow 
limbs as shelters (Kitchener 1981). 
Unusually, most arid zone mammal species also seem to have persisted in the 
area until this century, when all medium-sized species abruptly became extinct, probably 
as a result of Eutopean influences. Such low species richness in Pleistocene glacial times 
and high species richness in Holocene interglacial times is the opposite of the pattern 
shown by most cave deposits. The conventional explanation is that high species richness 
occuts in times of equable climate. The pattern shown by the Allen's Cave mammals may 
not be inconsistent with this idea. The proximity of the coast has probably imposed a 
maritime equability on the local climate in the Holocene, as well as providing higher 
rainfall. 
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Appendix2. 
Scat debris from captive Tiger Quolls, Dasyurus maculatus. 
Scats were collected over a month period from nine captive tiger 
Quolls, Dasyurus maculatus, held by the Featherdale Wildlife Park, Sydney. 
The animals from which scats were collected comprised five males and four 
females. 
The Quolls consumed the following foods during the collection 
month: 
day old chickens 
fish, eg. whiting and silver biddies 
laboratory rats and mice 
pet mince with crushed dog biscuit 
. boneless meat from kangaroo, beef and lamb 
wild birds, eg starlings, sparrows, turtle doves 
scrambled eggs 
rabbit 
chicken pieces, eg. heads, feet and body parts 
Method of bone extraction 
The scats were soaked in water for one week. Surface scum such as fur, 
feathers, leaves and other debris were removed. The residue was dried and 
bone fragments extracted by hand. 
Results 
Average fragment size is 5 mm with a range of 1-20 mm. With such a 
small average size length, all limb bones are highly fragmented. Tarsals of 
small animals are complete but tend to loose the distal epiphyses. 
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An example of bone is shown in Plate A.2.1.. Punctures ranged from 
1-1.Smm diameter, some examples being visible in the photograph. 
Bone fragment ends were sharp and jagged. Teeth had lost their 
enamel, giving a rough appearance. 
Very few fragments show surface damage such as puncturing or 
scoring. Neither cortical nor cancellous bone fragments show the digestive 
damage commonly found on scat bone from Tasmanian Devils or Dingoes, 
such as the extreme pitting of the surface. 
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Plate A.2.1. Bone fragments from Tiger Quoll scats. 
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Appendix3. 
Pleistocene Owl Pellet Deposit from Douglas Cave. 
The excavation and vertebrate material 
An excavation was made in Douglas Cave (DCl) in 19891 by P. Boot 
and H. Cooke, (Boot, 1990), one of the many caves along the Burra 
Creek in the vicinity of London Bridge Arch, near Queanbeyan, New 
South Wales. 
5cm levels were excavated except where distinct stratigraphic 
layers were uncovered, at which point stratigraphy defined the spit 
level. 
26 units were excavated in all giving a total depth of 1.57m. At 
this stage the deposit was disturbed by burrows and collapsed. 
The total volume excavated was 0.110 cubic meters or 58.5 kg, of 
which 27.25 kg were retained as sieve residue. 
The deposit was sieved through 2.5, 5 and 8 mm sieves. 
27 species were identified in the deposit, predominantly small 
murids but also Bandicoot, small Dasyurids and Quolls, Possum, 
Bettong and possibly a small Macropod (Boot, 1990 ) 
Samples from the excavation returned dates of: 
DCl spit 5 ... bone ... 9770+-250 BP ANU-7462 
DCl Spit 15 ... bone ... 10770+-270 BP ANU-7463 
DC1 Spit 26 ... bone ... 12920+-250 BP ANU-7464 
Results 
This material, shown in Plate A.3.1., has all the hallmarks of an 
owl pellet deposit. The species range concentrates heavily on rodents 
with some bandicoot and small dasyurids. The deterioration on the 
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bone is indicative of Masked Owl digestion. In this manner and 
considering its age, it provides a comparative sample for the medium 
prey material from the Holocene horizon in Allen's Cave. 
Furthermore, it provides information about fossil owl pellet bone 
which cannot be deduced from feeding trials. 
A sample of the deposit was examined. This was the material in 
Spit 24 (124-135cm below surface) which was excavated as a lOcm unit. 
The material was fragmented, which confirms that fragmentation 
of pellet bone occurs in both occupied and non-occupied sites. 
Fragmentation is due to both natural and human taphonomic effects. 
It is unlikely that sieving is a major cause of breakage as all break edges 
were of uniform colour. 
The breakage rate for a sample of limb bones is detailed in Table 
A3.1. 
Table A3.l. Rate of breakage for murid limb bones from Douglas Cave 
Total no. I% broken 
femur 374 I 33.4 
humerus i 269 I 13.4 
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Plate A.3.1. Owl pellet bone from Douglas Cave 
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Appendix4 
Scat debris from free-ranging Tasmanian Devils, Sarcophilus 
harrissi. 
Scats from different population classes were collected by Menna Jones 
in Cradle Mountain National Park, Tasmania. The population class 
categories were: adult male, sub-adult male, adult female and small animals 
which had been weaned young. All debris from individual scats were 
analysed according to the population class. 
A total of 135 scats and 1698 bone fragments were analysed. 
The results are presented in Tables A.4.1-4 below, and Table A.4.5 
indicates the occurrence of general characteristics. 
prey size range: 
a: 20-1000 g (murids, ringtail possums) 
b: 1-5 kg (bandicoots, bettongs, potoroids, brushtail possums) 
c: 5-15 kg (pademelon, devils) 
d: over >15 kg (kangaroos). 
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Total number of fragments in 43 scats: 417. (one complete humerus of 
small murid without surface marks and identical to small mammal limb 
bones identified in owl pellet material.) 
Isolated teeth had very little enamel remaining. 
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Table 3. Debris from 31 male subadult scats 
scat no. no.of size range prey size skeletal element 
fra2rnents lem:tthmm ran2e rano:e 
1 30 5-14 b th,ct,cl 
2 24 4-10 b ph,v 
3 18 5-21 b ct,cr, 
4 15 6-22 b,c cl,oh,ct,th.nh 
5 6 10-22 b,c tb,h,ct,cr 
6 6 5-9 b,c cl 
7 8 5 b clavJ covers 
8 1 13 b v 
9 1 6 b nh 
10 5 3-15 b ct,nh 
11 38 4-23 b,c ct,r,v_,cLcr 1oh 
12 44 7-25 b,c th,u,ctfr, v,pe,h 
cr,cl,oh,f 
13 30 5-29 b,c ct,r ,er ,h, v ,oh,cl 
14 19 4-23 b,c u,ct,r,hv,oh,cl 
15 21 7-16 b,c ph,tb,ct,v,cl 
16 2 11-15 b oh,ct,d 
17 8 5-20 b oh,th,ct 
18 16 3-24 b,c oh,u,r,ct,v,tb 
19 12 4-24 b,c f,ct,cl 
20 5 3-9 b ct 
21 1 12 c ct, 
22 1 4 b th 
23 2 4-16 b ct 
24 1 30 b ct 
25 9 9-16 b,c ct,d,v 
2.6 1 9 b ct 
27 2 11·13 b,c ct,cl 
28 2 11·12 b ct 
29 4 5-8 b v,ct 
30 4 5-10 b v,th,ct 
31 6 6·12 b,c cr,ct 
Key to skeletal element range: cr=cranial, mn"'mandible, 
mx=maxillae, th=tooth, h=humerus, u=ulna, f=femur, tb=tibia, a"'astragulas, 
ca=cakaneum, ph=phalanx, r=rib pe=pelve v=vertebrae, ct=cortical 
fragment, cl=cancellous fragment 
Total number of fragments in 31 scats: 342 fragments 
Comments: 22 complete and undamaged phalanges in one scat. 
11 toothmarks around muscle attachment area of femur fragment 
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Table A.4.4. Debris from 24 small, weaned young population scats 
scat no. no.of size range prey size skeletal element 
frauments lenathmm ranae ranae 
1 1 31 b mncomolete 
2 6 6-12 b cr,ct 
3 1 23 b r 
4 22 5-11 b ct 
5 15 5-27 b,c v,ct,oh 
6 9 5-8 b oe,cr 
7 2 7-9 b ph 
8 6 7-23 a,b cr,.pe,ct 
9 19 5-20 b,c mn,cr,-ct,th 
10 1 10 b ph 
11 7 5-22 b u,r,h,ct,ph 
12 20 6-30 b,c pe,ca,ct, v ,r 
13 21 5-30 b th,r,v ,ct 
14 34 5-21 b th,r,ct,ph,cr 
15 1 5 b oh 
16 4 8-14 b ct 
17 22 5-10 b v,.ct 
18 9 5-12 b ct,cl,v 
19 39 5-16 b h,u ... v ,ct,ph,r 
20 37 6-25 b oh,oe,ct1cr,v 
21 3 5-9 b oh 
22 15 4-19 a,.b,c oh,ct,IlU1,r,cr 
23 7 4-11 b r,ct 
24 5 10-20 c ca,v,oh 
Total number of fragments in 24 scats: 307 fragments 
Discussion 
The majority of the fragments are unremarkable, ie, smooth without 
any surface damage but with a sharp, jagged end. 
The fragment size range is 340mm. 
Punctures ranged from 0.5mm to 4.0mm in diameter, averaging 
2.0mm. Puncturing occured on an average of 1 % of material and pitting on 
2%. 
Thus the features more commonly associated with carnivore damage 
were not identified. 
General characteristics are summarised into Table 5 below, according to 
each population class. 
A4-6 
Table A.4.5. Percentages of bone fragments with different marks in 
Tasmanian Devil scats 
Mark male adults female male young, 
adults subadult weaned 
smooth 39 57 55.6 ! 27 
surface . I 
rough 
I 
28 
! 
27 38.3 18.5 
surface I 
i 
I 
I jagged ends I 40 63 . 49 28.7 
flaked edge • 4 I 4 . 5 0.3 -1 I J 
thinned 4 I 1.7 . 2.3 0.3 
r I 
edge i l 
' 
notched 1 
I 
2.5 2.3 0.3 
edge I I 
pitted 3 1.7 I 4.4 ! 0.3 
surface ; I 
puncture 1 I 1 
' 0.1 2 
! I 
perforation I 5 i 4 2.9 0 I 
t I 
Table 5 indicates that greater surface damage is caused by males adults 
and the least damage by small animals which were weaned young. This 
group however, created the most puncture marks. 
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